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CALORIGENIC EFFECTS OF SINGLE INTRAVENOUS DOSES OF 
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In 1950 and 1951 


hearing compounds 


two unknown radioiodine: 


were observed (1 3) on 
chromatograms of plasma obtained from animals 
with ['*', Pitt-Rivers (4) 
identified one of these as 3,5,3’-l-triiodothyronine, 


treated Gross and 
which they had previously isolated (3) from the 
plasma of euthyroid and hyperthyroid individuals 
treated with |! They excluded the possibility 
of analytical or radiation artefact and considered 
3,5,3’-1-triiodothyronine to be a normal constitu- 
Con- 


comitantly, Roche, Lissitzky, and Michel (6) re- 


ent of the organic 1odine moiety of plasma. 


ported the conversion in vitro of diiodothyronine 
to triodothyronine and crystallization of the latter 
compound, On the basis of its ability to prevent 
goiter in rats treated with thiouracil, Gross and 
Pitt-Rivers (7) found triiodothyronine three times 
as active as thyroxine. They also demonstrated its 
effectiveness (8) in raising the metabolic rate 
and correcting the symptoms of myxedema in two 
patients. In this respect they considered it to be 
at least as calorigenic as 1-thyroxine and probably 
more so, and suggested that it might prove to be 
the tissue form of the thyroid hormone. 

Since 3,5,3’-l-triiodothyronine is the only other 
amino acid to be found thus far which possesses 
hormonal properties comparable in intensity to 
those of thyroxine, it appeared desirable to make 
qualitative and quantitative comparison of the 
calorigenic properties of the two substances in hu- 
man subjects. 

METHOD 


Eight persons with untreated myxedema who served 
as volunteers throughout the 
basal 


were hospitalized study. 


Duplicate determinations of the metabolic rate 


using the closed-chamber method were made daily ex- 


cept Sunday 3efore the tests were made, the basal 


' The Mayo Foundation is a part of the Graduate School 
of the University of Minnesota. 


metabolic rate was determined Caily for 6 to 16 days to 

establish a satisfactory base line. Serum-proteim-bound 

iodine was estimated by the method of Barker (9) 
Tritodothyronine and thyroxine 2 were administered in 


a small volume of sterile physiologic saline solution i 


which the substarce was dissolved with the aid of suff 


cient sodium hydroxide. A single injection of the amino 
acid to be tested was given intravenously after the morn 
ing metabolic rate had heen determined. Daily observa 
tions were then continued for as long as possible, in most 
instances urtil the curve depicting the basal metabolic rate 
had returned to a level within 1 or 2 calories per hour of 
the original base line. Careful record was made of clini 
cal reaction and symptoms following the injections. Sc 
rum-protein-bound iodine was also determined at several 
intervals after injection 

In accordance with a procecure previously employed by 
other investigators (10, 11), mean daily metabolic rates 
were expressed as calories per day rather than as calories 
per hour. For each day following injection the mean bas« 
line obtained curing the initial control period was then 
substracted from cach daily value. The difference was 
considered to represent the increment in calories produced 
by the hormone being studied. 

Each subject underwent two to six individual studies 
In all, the effects of 18 doses of triiodothyronine and 11 
doses of thyroxine were studied, involving a total of 
1.213 determinations of basal metabolic rate. The data 
are summarized in Table I. 


RESULTS 


Following injection of either substance, the 
basal metabolic rate responded initially by rising 
to a peak value and subsequently by declining 
gradually toward the original base line (Figure 1). 
The decline of metabolic rate following injection 
of either drug could be fitted to a straight line 
when plotted on semilogarithmic paper versus 


time. 


2 These substances were provided through the cou 
tesy of Smith, Kline & French Laboratories, who obtained 


the former from Glaxo Laboratories where it was syn 
thesized. 
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TABLE I 


Summary of data on patients to whom triiodothyronine and thyroxine were administered * 
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BMR, basal metabolic rate in per cent; PBI, protein-bound 


Dose 
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333 1700 
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6700 
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100 
800 


190 
375 


190 
164 


1700 
2900 
1600 
4500 


00S 


600 
1800 


100 
240 


1900 
5100 


400 
325 
1000 
1200 


160 
240 
270 
295 


3300 
2100 
2700 
6600 
500 520 3300 Out of 
ranget 
1000 
680 


480 
120 


4.0 
9.0 


3100 
2100 


iodine in micrograms per 100 cc.; 


Pinax, time of maximal response in days; Cmax, maximal caloric response in calories per day; Ty, half-value time in days; 


C.., total metabolic response in calories; T 
Recent cholecystogram. 
Recent excretory urogram 


7 
+ 
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With doses in excess of 4 micrograms per kilo- 
gram of body weight, triiodothyronine invariably 
produced subjective discomfort including malaise, 
aching, muscular and 
When 


the dose exceeded 10 micrograms per kilogram, 


restlessness, generalized 


joint pain, loss of appetite, and headache. 
these symptoms became intense. The symptoms 
accompanied the period of maximal metabolic 
response and, in most instances, subsided by the 
third or fourth day. These symptoms were identi- 
cal with those often encountered in myxedematous 
patients whose metabolic rate is being rapidly ele- 
vated by administration of desiccated thyroid. 

In contrast to the striking subjective discom- 
fort following injection of triiodothyronine, simi- 


, triiodothyronine; and T,, 


thyroxine. 


lar symptoms did not occur after the administra- 
tion of thyroxine in the doses here employed, 
although such symptoms have previously been ob- 
served to follow larger doses (10 mg. dl-thyroxine ) 
given intravenously (10). 

The curves depicting the effect of intravenous 
doses of each substance upon the metabolic rate 
(1) the 
time of maximal response (Ty,..). defined as the 


were compared from four standpoints: 


time in days elapsing between injection and great- 
est observed elevation of metabolic rate, (2) the 
half-value time (T),2), defined as the time in days 
required for the fitted curve of diminishing meta- 
(second limb) to reach half its 


bh lic respt ymnse 


value, (3) the maximal caloric response (Cymax), 
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BiG: 1 
TION OF EQUIMOLAR AMOUNTS OF TRIIODOTHYRONINE AND 
THYROXINE (Supyect 3) 


Tne Basar METABOLIC RATES AFTER INJEC- 


defined as the maximal metabolic rate expressed 
in calories per day produced by a given injection, 
and (4) the total metabolic response (Cror), de- 
fined as the total increment of increased energy 
production in calories throughout the time of ac- 
tion of the compound. 

Following injection of triiodothyronine, the 
metabolic rate invariably rose more rapidly and 
to a higher maximal level than following equimolar 
doses of thyroxine (Table I1). Maximal effects 
were always observed within 48 or 72 hours. the 
mean value for Tiy,, being 2.2+0.1 days. In 
contrast, thyroxine produced a slower and more 
the 
level being reached only after an interval of 6 to 


sustained rise in metabolic rate, maximal 


TABLI 


TRITODOTHYRONINE 
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13 days. 
0.9 days. 


and time of maximal response in the case of either 


The mean Tyyax for thyroxine was 9.4 


There was no correlation between dose 


drug. 

The magnitude of the maximal response (Chas ) 
reflected dosage and was always higher after 
triiodothyronine than after comparable doses of 
thyroxine. The dose-response relationships of 
the two substances in terms of this measurement 
are shown in Table I] and Figure 2. Triiodothy- 
ronine was consistently more potent by a factor 
of 3 to 4. 

The subsequent dissipation of calorigenic effect 
(thyroxine-decay curve of Boothby) was much 
more rapid after injection of triiodothyronine than 
after injection of thyroxine. Since in the case of 
either substance caloric response diminished ex 
ponentially, this rate could be expressed quanti 
tatively either as a rate constant or as half-value 
time. Observed half-value times for triiodothy 
ronine varied from 4.0 to 9.7 days (mean 7.4 + 
0.6 days) compared with corresponding values for 
thyroxine varying from 9.0 to 12.4 days (mean 
11.9 + 04 days). 


pared with those obtained in studies with thyro- 


The latter values may be com- 


globulin (“thyroiodin”) made by Magnus-Levy 
in 1904 (12) which are calculated to have a half- 
value time of 15.6 days, and with the curves for 
dl-thyroxine published by Boothby and Baldes 
(13) and by other investigators (11) which are 
calculated to have half-value times of 10.8 days and 
13.8 days, respectively. This difference in disap- 


pearance rate means that dose for dose the meta 


Comparison of peak values (maximal calories per day) and total calories resulting from similar 
doses of 1l-thyroxine and I-trtiodothyronine 


Thyroxine 
Effect 
Dose, 
millimols 
(xX 106) 
6 90 
5.4 145 


Kg. Vaximal Total 


Subject cal, day 


5.0 100 
290 5020 


164 4800 


160 
295 


3300 
6600 


120 


2100 


calories 


Triiodothyronine 
Effect 
Dose 


miliimols Vaximal Total 
«10° cal./day calories 


220 
300 


1585 


9.0 
3 2120 


4.3 


3300 
4568 


a 4100 
11.8 480 
375 2860 
2100 
2700 


270 
360 


520 3300 
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TERMS oF MAXI 
L- TRIIODOTHYRONINE 


ic. 2. Dostk-RESPONSE CURVES IN 


MAL CALORIES PER Day FoR AND 

- THYROXINE 
Solid lines connect points representing separate doses 
subject, and 


(Tt, 
, 


dotted lines connect points representing separate doses of 


of triiodothyronine given the same 


l-thyroxine (T,) given the same subject 
bolic effect of thyroxine long outlasts that of 
triiodothyronine. Seventy to 90 days are re- 
quired for the dissipation of 99 per cent of the 
effect of a single injection of thyroxine compared 
to 45 to 55 days for the dissipation of 99 per cent 
of the effect of a single injection of triiodothvro- 
nine 

The half-value times, like the T,,,, values. were 
not correlated with dosage. There was some in- 
dication that variations in these values represented 
real differences in biologic response between indi- 
viduals. If a given subject had a relatively short 
T, » value for an initial study with triodothyro- 
nine, subsequent studies also yielded low values, 
and more significantly, studies with thyroxine in 
the same subject disclosed low values for T, . for 
this hormone also (see Subject 8, Table 1). 

secause of the difference in temporal relations 
observed with the two substances, the most sig- 
nificant basis for comparing their over-all effects 
appeared likely to be the total integrated caloric 
response (C,,.), represented by the total area un- 
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der each curve of caloric response versus time 
The area of the initial limb and the observed por 
tion of the descending limb could Le calculated by 
application of the trapezoidal rule. Since the de 
scending limb of each such curve fitted a simple 
exponential function, it was possible to estimate 
a correction for the small residue of calorigenic 
activity remaining at the end of the period of ob 
servation and, in addition, for the residue of calori 
genic activity remaining at the onset from any 
previous injection, Times of observation were 
arranged so that such corrections with few ex 
ceptions represented less than 10 per cent of the 
total area under each curve. 

A dose-response curve constructed from = such 
observations (Figure 3) indicated that when the 
dose was small the total caloric response resulting 
from an injection of 1-triiodothyronine exceeded 
the response produced by an equimolar amount of 
l-thvroxine. However, with larger doses the re- 
verse was true, that is, the total caloric response 
produced by thyroxine was greater. 

The effect of the injections on protein-bound 10 
dine can be judged from Table I.) Thyroxine in- 
variably produced a greater and more sustained 
elevation of protein-bound iodine than a compara- 


ble dose of triiodothyronine. 


COM MEN' 


Since several successive injections were studied 


each subject, it was necessary to be sure that 
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Solid lines connect points representing separate doses 
of triiodothyronine (T;) 
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I-thyroxine (T,) given the same subject 


given the same subject, and 
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subsequent responses were not essentially differ- 
ent from previous ones. For this reason dupli- 
cate studies were carried out in three subjects as 
shown in Table III and Figure 4. 
indicate that results obtained with this method are 
reproducible and that successive doses may be 
evaluated accurately in the same subject providing 
sufficient time has elapsed between them. Investt- 
gators (11), in 1929, found a striking difference 
in the effectiveness of 10 mg. of intravenously ad- 
ministered racemic thyroxine at a basal metabolic 
level of — 40 per cent compared with the biologic 
effectiveness of the same dose at a metabolic level 
of — 4 per cent. However, they were comparing 
metabolic levels which differed by 20 or more 
calories per hour whereas in our study most com- 
parisons were made at metabolic levels which did 
not differ by more than 1 calorie per hour. 
In comparable triiodothyronine 
found to have an early and large maximal effect 
which disappeared rapidly whereas thyroxine ex- 
hibited a more delayed and less intense maximal 
The 
more intense maximal effect of triiodothyronine 
frequently produced annoying subjective symp- 
toms. These were not encountered with thyroxine 
except in doses much larger than those employed 
in this study. These qualitative differences posed 
practical obstacles to the bio-assay in man of small 
doses of thyroxine or large doses of triiodothyro- 
nine. Thyroxine could not be tested in doses of 
less than 300 micrograms because such doses did 
not produce sufficient elevation of the basal meta- 
bolic rate. Large doses of triiodothyronine could 
not be evaluated with safety because of the disturb- 
ing subjective symptoms. Therefore, single doses 
of the two drugs could be compared directly only 
in the dose range of 0.3 to 1.0 mg. Within this 
range of dosage the dose-response relationships of 
single injections of the two hormones have been 
compared in two ways. On the basis of maximal 


These studies 


doses, was 


effect which persisted for a longer interval. 


TABLE Ill 


Duplicate observations with triiodothyronine 


Injection 
Days 
between 
injec- ——-—- 
tions Total calorses 


Difference 


Subject Calories Percent 


2% 4568 4100 468 10 
34 1790 1838 48 2 
42 1673 1595 78 «4 
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Rate 


Basal Metabalic 





+— Baseline —- 
£ @ 6 8 0 1% 14 16 16° <2 
Days after L-triiodothyronine 


Fic. 4. METABOLIC RESPONSE TO INJECTION OF IDEN 


TICAL AMOUNTS OF TRIIODOTHYRONINE ON Two SEPARATE 
Occasions (Supyect 3) 


caloric response, triiodothyronine was found to be 
three to four times as potent as thyroxine. On the 
basis of total calories produced, the relative po 
tency depended upen dose; with small doses, 
triiodothyronine was consistently more effective 
than thyroxine; with larger doses, thyroxine was 
more calorigenic. 

Valid comparison of the calorigenic potency 
of thyroidal substances may also be made on 
the basis of multiple doses, either by parenteral 
Salter, Means 
(14, 15) have employed an assay method based 


or oral routes. Lerman, and 
upon the administration of daily doses of the 
test substance over a period of two weeks or 
longer, accompanied by observation of the ascend 
ing limb of the resulting metabolic-response curve 
This method could be subject to error if sub 
stances having major temporal differences in their 
responses were to be compared. A more secure 
comparison is one based upon the dose of each 
substance necessary to maintain a myxedematous 
subject in a steady euthyroid state over a period 
of time. Preliminary studies employing this tech 
nic would indicate triiodothyronine to be approxi 
mately two to three times more potent than thyrox 
ine. The dose levels required for maintenance of 
a myxedematous subject are in the range 50 to 100 
micrograms for triiodothyronine and 200 to 300 
This relationship 


agrees satisfactorily with that deduced from com- 


micrograms for thyroxine. 


parison of Cyax values, and can also be inferred by 
extrapolation of the graph (Figure 3). 
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Phe ch: 


wound iodine following injections of triiodothyro- 


inges which were observed in protein 

and thyroxine could reflect more rapid de 
struction of trnodothyronine, a larger volume of 
distribution, or both, than in the case of thyroxine. 
Preliminary studies with radioactive triiodothyro 
nine suggest that both phenomena are involved. A 
wider distribution of triiodothyronine could easily 
explain its more immediate calorigenic effect. If 
one accepts the premise that a hormone is metabo 
lized in the course of exerting its effect, more 
rapid destruction would be expected, which might 

be compatible with a shorter duration. of 
action. These comparisons are compatible with 
the suggestion of Gross, Pitt-Rivers and Trotter 
(8) that trnodothyronine may be the tissue form 
of thyroid hormone, but do not provide any direct 


proof of such a theory. 


SUMMARY 


The calorigenic effect of single intravenous doses 


of I-triiodothyronine and |-thyroxine has been com- # 


Fol- 


l-triiodothyronine the 


pared in eight subjects having myxedema. 
lowing administration of 
basal metabolism rose more quickly to a maximal 
value, and subsequently fell toward the base line 
more rapidly than following administration of 
The mean time elapsing between in 
jection and maximal metabolic rate was 2.2 + 0.1 
0.9 days 


After a maximal value 


l-thyroxine 


days in the case of the former and 9.4 
in the case of the latter 
was reached, both curves decreased exponentially, 
the half-value time for trnodothyronine being 7.4 2 


When 


the maximal metabolic 


0.6 and for thyroxine 11.9 + 0.4 days. 
compared on the basis of 
rate resulting from a given injection, triiodothyro 
nine appeared to be three or four times as potent 
as thyroxine. On the basis of total calories added 
to the base line throughout the duration of action 
of each injection, the dose-response curves of the 
two substances were not parallel. On this basis, 
with small doses, triiodothyronine was more calori 
genic than thyroxine but with larger doses (above 


about 10 micrograms per kilogram of body weight ) 


R. KEATING, JR., AND A. ALBERT 


thyroxine was more effective than triiodothyro- 
nine. 
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STUDIES ON INTRAVASCULAR HEMOLYSIS IN MAN. THE 
PATHOGENESIS OF THE INITIAL STAGES OF ACUTE 
RENAL FAILURE 


By C. R. B. BLACKBURN, W. J. HENSLEY, D. KERR GRANT,! anp F. B. WRIGHT 
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Intravascular hemolysis of moderate or severe 
degree in man is often followed by acute renal 
failure. Most studies of renal function have been 
carried out on patients during or after the oliguric 
or anuric phase and have, therefore, shed little 
information on pathogenesis of the renal failure. 

The present studies were undertaken to clarify 
the changes in renal function which precede anuria 
resulting from intravascular hemolysis. It was 
hoped that the onset of acute renal failure might 
be prevented if the means of reversing the early 
changes could be found. 

The changes in renal function in 10 patients dur- 
ing intravascular hemolysis induced by the intra- 
venous infusion of distilled water are described in 
this report. The infusions were given slowly, 


carefully controlled, and often continued for many 


hours. The resulting alterations in renal func- 
tion rapidly returned toward normal after the in- 
fusion of water was discontinued or after the in- 
travenous injection of Parathormone. 

The initial justification for this study rested on 
observations of the changes in renal function in a 
patient during and after the accidental intravenous 
infusion of distilled water. She developed anuria 
but urine flow was reestablished and her inulin 
clearance returned to normal 30 minutes after the 
intravenous injection of Parathormone. Twelve 
weeks later her inulin clearance was 140 ml. per 
min. per 1.73m*, Diodrast clearance 420 ml. per 
min. per 1.73m?, but Tm Diodrast was only 11 mg. 
per min. per 1.73m*. Clinical assessment of her 
renal function, including urine concentration tests, 
during the next three years has revealed no 
abnormality. 

Patients with impaired renal function, as shown 
by a urine concentration test and routine clinical 


1 Medical Board Fellow in Medicine, 1951. 
2Supported in part by a Grant from the National 
Health and Medical Research Council. 


tests, were excluded from the present study. A 
urine specimen of specific gravity of at least 1020 
was required before subjects were accepted for 
study. 

At first the only patients studied were those with 
Hodgkin's disease, lymphosarcoma, or leukemia 
who were receiving X-ray treatment. Some pa- 
tients without malignant disease were studied after 
the experimental procedures proved safe. Two 
of our experimental patients died some months 
after the studies were completed, of lymphatic 
leukemia and lymphosarcoma, respectively, and 
autopsy examinations revealed no renal abnor- 
mality which could be attributed to intravascular 
hemolysis. 

Many investigators have failed to demonstrate 
renal failure during or after the infusion of hemo- 
globin solutions in man and experimental animals 
unless other abnormalities were present, for ex- 
ample hypotension (Rosoff and Walter [1]) 
or anaphylaxis (Mason and Mueller [2]). Land- 
steiner and Finch (3) and Voris (4) gave mas- 
sive intravenous infusions of distilled water but 
described no instance of renal failure though 
detailed studies of renal funct.on were not re- 
ported. Amberson, Jennings, and Rhode (5) 
reported oliguric reactions twice in a series of 77 
infusions of hemoglobin solutions. On the other 
hand, Miller and McDonald (6) regularly dem- 
onstrated changes in renal and cardiovascular 
function in 26 normal subjects following the infu- 
sion of pure hemoglobin solutions and of freshly 
lysed red blood cells. The latter authors did not 
report any severe or permanent renal damage fol- 
lowing their experimental procedures. 


METHODS 


Subjects: Nine of the 10 experiments were carried out 
on patients receiving X-ray therapy for leukemia, lympho- 
sarcoma, or Hodgkin’s disease. Some data regarding 
these subjects are set out in Table I. 
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Design of experiments: Inulin and Diodrast clearances 
were measured by the standard techniques of Goldring 
and Chasis (7) in the fasted but continuously hydrated 
patient. The inulin and Diodrast infusion, made up in 
4 per cent glucose-water, entered a vein in one leg and 
an infusion of 4 per cent glucose-water was run into a 
small vein of the opposite ankle or foot. Both these in- 
fusions were given at a rate of 4 ml. per minute, a total 
of 8 ml. per minute. Venous blood specimens were col- 
lected from one arm and measurements of blood pressure 
were made by sphygmomanometry on the other arm. 
Catheterization of the bladder, starting the infusions and 
general setting-up for the experiments usually took place 
1 to 2 hours before the control observations were made. 
After two to five control periods distilled water was sub- 
stituted for the 4 per cent glucose-water infusion and was 
usually given at the same rate of 4 ml. per minute. After 
discontinuing the distilled water infusion glucose-water 
was again given to maintain a constant intravenous in- 
fusion rate. Clearance periods were usually 15 to 40 
minutes but were prolonged when oliguria was pro- 
nounced. Blood pressures, pulse rates, and oral tem- 
peratures were usually recorded each 20 to 30 minutes. 
No significant changes were observed in venous pres- 
sures which were recorded in antecubital veins with a 
saline manometer. 

Chemical methods: Inulin was determined by Little’s 
(8) method, Diodrast by Alpert’s (9) method, and urine 
hemochromogen concentration by Bing and Baker’s (10) 
method. Plasma hemochromogen concentrations were 
estimated by the method of Hunter, Grove-Rasmussen, 
ana Soutter (11) so that determinations could be made 
each few minutes during the experiments. All clear- 
ances have been corrected to a standard surface area of 
1.73 square meters. 

Renal vascular resistances: Resistances were calculated 
Pm X 1328 
RBF 
cular resistance, Pm = half the sum of the values for the 
systolic and diastolic arterial blood pressures and RBF = 
the renal blood flow in ml. per second calculated from 

the Diodrast clearance and the hematocrit value. 

Hemoglobin solutions were prepared from an appropri- 
ate volume of the patient’s own blood, say 300 ml., col- 
lected 24 to 30 hours prior to the experiment. Prepa- 


from the equation R= where R=renal vas- 


HENSLEY, D. 


KERR GRANT, AND F. B. WRIGHT 


ration of the cell and stroma free solution was by stand- 
ard methods involving red cell washing, freezing and 
thawing, centrifuging and Seitz filtering. All operations 
were carried out at 4° C. Concentrations were adjusted 
in the final saline-hemoglobin solution so that a rate of 
infusion of 4 ml. per minute could be continued without 
lowering the plasma hemochromogen concentration. 

Parathormone (Eli Lilly & Co.) for intravenous in- 
jection was either the freshly delivered solution, or solu- 
tions which were relatively inactive as the result of auto- 
claving or of being stored for many months beyond the 
maker’s date of expiration. On two occasions an infu- 
sion of Parathormone in 4 per cent glucose-water was 
used instead of a single intravenous injection. The type 
of Parathormone preparation injected made no signifi- 
cant difference to the patient’s response with regard to 
the renal functions considered in this paper (12). 


RESULTS 


The detailed results of the studies on 10 pa- 
tients are set out in Table II. Seven developed sig- 
nificant oliguria during the water infusion. The 


infusions were continued for many hours and were 
usually stopped when the patients began to show 
evidence of adverse psychological reaction such 
as restlessness and distress from hunger, fatigue, 
and stiffness in immobilized limbs. 
barbiturates was always minimal. 


Sedation with 


In these 10 patients, age, sex, the nature of the 
disease process and the previous experience of 
blood transfusion appeared to have no influence 
on the occurrence of an oliguric reaction. 

Systemic effects were minimal. The arterial 
pressure rose slightly in two patients one of whom 
was hypertensive before the experimental study. 
Transient, variable and minor changes in blood 
pressure were attributed to inadequacies of stand- 
ard sphygmomanometry and to psychological re- 
actions rather than to intravascular hemolysis. 
Five of the patients had febrile reactions during 


TABLE I 


Clinical data on 10 patients who received intravenous infusions of distilled water 








Subject 


Oliguric 


Diagnosis Hematocrit reaction 





. PAY 
. PAT 
. ELL 
. FER 
. SMI 
. NEE 
. FLO 
/ QUE 
. HUG 
. SOF 


Chronic myeloid leukemia 
Acute myeloid leukemia 
Lymphosarcoma, Hypertension 
Lymphosarcoma 

Hodgkin’s disease 

Chronic myeloid leukemia 
Hodgkin’s disease 
Lymphosarcoma 

Chronic lymphatic leukemia 
‘‘Neurasthenia” 


0.43 
0.40 
0.48 
0.50 
0.44 
0.37 
0.47 
0.37 
0.38 
0.46 


b+t+++++ 
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or after the experiments ended and the following 
elevated oral temperatures were recorded : 38.4° 7 
in PAT 20 minutes after the study ended and per- 
sisting for 6 hours; 38.6° C in SOF 30 minutes 
after the study ended and persisting for 2 hours; 
38° C in PAY 1 hour before the study ended and 
persisting for 1.5 hours; 38.2° C in QUE in the 
last period, reaching 39.2° C 1 hour later but fall- 
ing in the next 2 hours; 38° C in SMI at the end 
of the study, 39.6° C 1 hour later and falling to 
less than 38° C 3% hours after the study ended. 
These reactions were attributed to the manipula- 
tions of the experiments and to the presence of 
traces of pyrogens in the infusions which had been 
given for many hours. 

The manifestations of “transfusion reaction” 
were completely absent. Backache was never more 
than mild and, presenting with a slow onset after 
some hours of flat recumbency, was not unexpected. 

Oliguria developed in the same manner in all 
of the seven patients who showed it. Urine flow 
started to diminish shortly after the infusion of 
water was begun and continued to decrease until 
steps were taken to increase it. In four patients, 
at the depth of oliguria, the urine volume was vir- 
tually zero during 20 to 30 minute periods. Pro- 
gressive oliguria was always associated with pro- 
gressive decrease in Diodrast clearance, with a fall 
in inulin clearance in six patients, and a rise in fil- 
tration fraction in four patients. Hemoglobinuria 
usually accompanied or immediately followed sig- 
nificant oliguria. 

Validity of renal clearances: Inulin and Diodrast 
clearances were considered to indicate glomerular 
filtration rate and renal plasma flow, respectively. 
Extraction ratios were not performed but normal 
ratios were assumed since Miller and McDonald 
(6) found normal ratios in similar experiments. 
Other investigators (13) clearly demonstrated that 
inulin and PAH clearances were valid in the dog 
until the renal blood flow fell to about 3 per cent 
of normal, a decline far greater than we ever ob- 
served. Finally the changes in renal function in 
our patients were rapidly reversible and U/P 
ratios for inulin always rose as urine volume 
decreased. 

Collection periods of 20 to 40 minutes are too 
short for the accurate measurement of urine flows 
of 0.5 ml. per minute and less and the uretero- 
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pelvic dead space is large in comparison with the 
collected urine volume. Clearances calculated for 
the periods of minimum urine flow will be too low 
whilst those for the periods immediately following 
will be too high. Renal storage and release of 
Diodrast may exaggerate the errors in the calcu- 
lation of some clearances. In spite of these errors 
the continuous series of clearances are taken to 
indicate the magnitude and direction of the changes 
in filtration rate and renal plasma flow in each 
patient. 

Diodrast clearances: A highly significant di- 
rect correlation developed between the rate of 
urine flow and Diodrast clearance during the in- 
fusion of distilled water. Prior to the infusion 
of distilled water the coefficient of correlation was 
low and not significant (r = 0.08, n= 30 and 
P=>0.1) but during the infusion of distilled 
water the correlation coefficient was higher and 
highly significant (r=0.54, n=41 and P< 
0.001). Correlation coefficients were derived 
from the logarithms of the data obtained from 
all 10 patients during the control period and dur- 
ing the infusion of distilled water but the data 
obtained during or after the infusion of Para- 
thormone were excluded. 

Renal plasma flow was reduced in the seven 
patients who developed oliguria during the in- 
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Fic. 1. RELATIONSHIP BETWEEN THE CHANGE IN RE- 
NAL PLasMA FLow (Cp) AND THE CHANGE IN URINE 
FLow 1N 10 PaTIENTS DURING THE INTRAVENOUS INFU- 
SION OF DistILLED WATER 

Cp and UV are both plotted as percentages of the 
mean control values (100 per cent) for each patient. 
The area included by the dotted lines represents the mean 
+2¢ of all the control Cp and UV values. Solid circles 
represent the data from the seven oliguric patients, the 
closed circles the data from the three patients without 
oliguria. 
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TABLE II 
The effects of intravenous infusions of distilled water on the renal functions of 10 patients 
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TABLE 11 Continued 
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fusion of water and this reduction started as soor. 
as urine flow began to decrease that is, when he- 
molysis began. 

Inulin clearances: A significant direct correla- 
tion developed between the rate of urine flow and 
inulin clearance during the infusion of distilled 
water though it was not demonstrable during the 
control periods. Correlation coefficients were de- 
rived in the same manner as for Diodrast clear- 
ances and were similar. Prior to the distilled wa- 
ter infusion the correlation coefficient was low and 
insignificant (r = 0.14, n= 30, P= >0.1) but 
during the infusion of distilled water the correla- 
tion coefficient was higher and highly significant 
(r= 041, n=41, P= < 0.01 > 0.001). 

The correlation between GFR and urine flow 
was not as close as that between urine flow and 
RPF (Table II, and Figure 2). 

Filtration fraction: This function rose in four 
patients and was considerably increased during 
the period of maximal oliguria. The maximum 
figures in the control periods were 0.23, 0.18, 0.17 
and 0.22 but in the experimental periods 0.35, 
0.21, 0.48, and 0.32 respectively. 

Calculated renal vascular resistances: These re- 
sistances were increased in all patients develop- 
ing oliguria and were considered to indicate renal 
vasoconstriction. 
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Fic. 2. RELATIONSHIP BETWEEN THE CHANGE IN 
GLOMERULAR FILTRATION RATE (Cin) AND THE CHANGE 
IN URINE FLow 1n 10 PATIENTS DURING THE INTRAVE- 
nous INFUSION oF DisTILLED WATER 

Cix and UV are both plotted as percentages of the 
mean control values (100 per cent) for each patient. The 
area included by the dotted lines represents the mean 
+ 2¢ of all the control Cin and UV values. Solid circles 
represent the data from the seven oliguric patients, the 
closed circles the data from the three patients without 
oliguria. 
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Fic. 3. CHANGES IN RENAL FUNCTION AND PLASMA 
HEMOCHROMOGEN CONCENTRATION DURING AND AFTER THE 
INFUSION OF DISTILLED WaTER (SuByectT FER) 


Alterations in renal function bear an inverse relation 
to the rate of water infusion and are promptly restored 
towards normal by the injection of 200 units of Para- 
thormone intravenously. 


Plasma and urine hemochromogens: The plasma 
hemochromogen concentration bore no constant 
relation to the development of oliguria, the levels 
were no higher in the patients developing oliguria 
than those who did not. The amount of hemolysis 
depended mainly on the size of the vein receiving 
the infusion and on the blood flow through it as 
the infusions of water were usually given at the 
same rate, 4 ml. per minute. In general, the 
smaller the vein used the greater the hemolysis. 
The highest plasma hemochromogen concentra- 
tions were from 70 to 226 mg. per cent with a 
mean of 142 mg. per cent. 

The rate of infusion of water appeared to be of 
greater importance in producing changes in renal 
function than the plasma hemochromogen concen- 
tration, for decreasing the rate of water infusion 
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Fic. 4. CHANGES IN RENAL FUNCTION AND PLASMA 
HEMOCHROMOGEN CONCENTRATION DURING AND AFTER THE 


INFUSION OF DiIsTILLED WATER (SuByEcT PAY) 


resulted in a prompt increase in urine flow and 
Diodrast clearance (PAT, FER, SMI in Table 
II and Figure 3). Increasing the rate of water 
infusion produced the reverse effects. The changes 
in plasma hemochromogen concentration after it 
became elevated were quite minor in degree and 
only once did the concentration fall after a tem- 
porary decrease in the rate of infusion of water. 

Oliguria was accompanied or followed by he- 
moglobinuria in six of the seven patients develop- 
ing concomitant decreased renal plasma flow, but 
hemoglobinuria was observed in the absence of 
oliguria or diminished renal blood flow (SOF in 
Table 1). Hemoglobinuria usually appeared when 
the plasma concentration was 100 to 150 mg. per 
100 ml. 

Changes after stopping the distilled water infu- 
sions: In the oliguric patients urine flow, renal 
plasma flow and filtration rate increased in the 
first period after stopping the distilled water in- 
fusion and then returned toward, or to, the con- 
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trol levels (PAY and PAT in Tabie II, Figure 4). 
This reversal was significant within 20 minutes. 
A similar effect was observed when a solution of 
the patient’s own stroma free hemoglobin (0.7 per 
cent) in 0.85 per cent saline was substituted for 
distilled water (FLO in Table II, Figure 5). This 
reversal took place in the presence of unchanged 
or increased plasma hemochromogen concentra- 
tions and often in the presence of increased hemo- 
globinuria. 

Effects of Parathormone: The intravenous in- 
jection of Parathormone solution produced a 
prompt diuresis, a marked increase in Diodrast 
clearance and a fall in filtration fraction in every 
patient who was given it whether they had oli- 
guria or not (ELL, FER, SMI, NEE, QUE, 
SOF, HUG in Table IJ, Figures 3 and 6). In 
five of these seven patients inulin clearances in- 
creased considerably but in two (QUE, SOF) 
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Fic. 5. CHANGES IN RENAL FUNCTION AND PLASMA 
HEMOCHROMOGEN CONCENTRATION DURING THE INFUSION 
oF DiIsTILLED WATER AND DURING THE INFUSION OF A 
SOLUTION OF THE PaTIENT’Ss OwN HEMOGLOBIN (SvuB- 
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were unchanged and neither of these two patients 
had evidence of significant renal vasoconstriction 
or oliguria. These reactions were typically those 
of intense renal hyperemia and were unaccom- 
panied by systemic changes. No patient had evi- 
dence of abnormal sensitivity to the intradermal 
injection of Parathormone prior to the intrave- 
nous injection and the renal effects appeared to be 
unrelated to any effect on phosphate reabsorption. 


DISCUSSION 


One of the most striking changes in renal func- 
tion was the occurrence of a diminished urine flow 
and a diminished Diodrast clearance in 7 of the 
10 patients during the infusion of distilled water. 
A diminished Diodrast clearance was considered to 
indicate decreased renal plasma flow and this, in 
turn, to indicate renal vasoconstriction. Renal 
vasoconstriction did not appear to be a part of 
gross generalized vasoconstriction in our patients 
for there were no significant changes in arterial 
blood pressure or pulse rates. Miller and Mc- 
Donald (6), on the other hand, recorded raised 
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blood pressures in normal subjects during similar 
experiments. A decreased renal plasma flow was 
not only observed in the patients with profound 
oliguria but also in three patients whose minimum 
urine flows were 0.25, 0.31, and 0.88 ml. per min- 
ute, respectively. A statistically highly significant 
direct correlation between urine flow and renal 
blood flow was found when the data on all 10 pa- 
tients were considered though considerable varia- 
tion was observed in the data from individual pa- 
tients. Though it has been suggested that urine 
flow may be influenced by renal blood flow to a 
greater extent than is usually considered (14) 
significant correlations have not been recorded 
unless there has been a great reduction in urine 
flow. Urine flow does vary with renal blood flow 
in the experimental animal if the renal artery is 
temporarily occluded (15), or if blood flow is re- 
duced though the perfusion pressure be kept con- 
stant (16), or if the kidney is previously subjected 
to 5 to 20 minutes of ischemia (17). The renal 
functional changes in our patients reseinbled those 
of post-ischemic or perfused kidneys. 

Changes in the rate of infusion of distilled water 
were promptly followed by inverse changes in the 
rates of urine flow and renal blood flow in oliguric 
patients. Renal function returned toward normal 
when the distilled water infusion was stopped and 
4 per cent glucose in water substituted for it. 

The effects of distilled water did not appear to 
be due to impurities since the same water was used 
for making up all the intravenous solutions given 
to these patients in the three-year period during 
which the studies were made. Some patients did 
develop pyrexial reactions but there was no corre- 
lation between these reactions and the development 
of oliguria or diuresis. 

Intravenous infusion of distilled water led to 
hemolysis and some product of hemolysis may 
have caused renal vasoconstriction and oliguria. 
Hemoglobin and its degradation products, un- 
known vasoconstrictive substances and erythro- 
cyte stroma have all been suggested as proximate 
causes of acute renal failure. 

It is difficult to attribute decreased renal blood 
flow and oliguria directly to the effects of raised 
plasma hemoglobin levels. One patient had a 
diuresis and increasing renal blood flow, in spite 
of a rising plasma hemochromogen level, when a 
0.7 per cent solution of his own hemoglobin in 0.85 
per cent saline was substituted for distilled water. 
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The appearance of renal vasoconstriction and oli- 
guria appeared not to depend on the plasma hemo- 
chromogen concentration nor did urine flow vary 
inversely with it except in a very general way. 
Hemoglobin solutions have been infused into con- 
valescent patients and patients with renal disease 
to determine glomerular permeability and, though 
plasma hemoglobin levels of 500 mg. per cent were 
reached, no instance of oliguria or anuria was re- 
corded (18). Badenoch and Darmady (19) con- 
cluded that hemoglobin was nephrotoxic only if 
a critical degree of renal damage had previously 
been achieved. Only two groups of workers have 
regularly produced renal vasoconstriction by the 
infusion of hemoglobin solutions. 

The importance of tubular necrosis from nephro- 
toxins and of disruption of tubules (tubulorrhexis) 
from focal cortical ischemia (the ischemuric epi- 
sode), in the pathogenesis of acute renal failure 
has been stressed by Oliver, MacDowell, and 
Tracy (20) in their excellent paper. They have 
discussed the importance of combinations of these 
factors and point out that many causes lead to the 
single entity of acute renal failure. It has been 
suggested that tubular damage may lead to un- 
selective back diffusion of glomerular filtrate. 
Such effects from hemoglobinemia or distilled 
water cannot have been important in our patients 
for the reasons set out in the discussion on the 
validity of the clearances and because the changes 
in renal function were rapidly reversible. 

The intravenous injection of hematin into the 
dog induces changes in renal function closely re- 
sembling those observed in our patients (21). 
In man hematin rapidly combines with serum al- 
bumin to form methemalbumin but this does not 
occur in the dog (22). Methemalbumin was iden- 
tified in the plasma of our patients by spectro- 
photometric and electrophoretic methods (23) 
and was found in the urine of some of them (24). 
As methemalbumin is regularly found in the 
plasma of all patients who have elevated plasma 
hemoglobin levels the arguments used in the dis- 
cussion of the role of hemoglobin apply also to 
methemalbumin. There was no evidence that 
methemalbumin acted as a renal vasoconstrictive 
agent in our patients. 

Amberson, Jennings, and Rhode (5) attributed 
the development of acute renal failure after the in- 
fusion of hemoglobin solutions in two of their 
subjects, to some unknown soluble vasoconstric- 
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tive agent. Such a substance may be liberated 
during hemolysis but it must be relatively unstable 
for it: appeared to be lost in a few hours at 4° C. 
during the preparation of our hemoglobin solu- 
tion and most of those used by other workers. Its 
presence cannot be denied. 

Erythrocyte stroma has been suggested as a 
major factor in the genesis of reactions to intra- 
vascular hemolysis but Maluf (25) failed to dem- 
onstrate differences between the effects of freshly 
lysed red cells and of hemoglobin solutions given 
to dogs. On the other hand the intravenous infu- 
sion of homologous stroma into the rat (26) or 
mouse (27) is quickly lethal and the infusion of 
stroma into the dog has been reported to induce 
cutaneous petechiae (28). Small “foreign bodies” 
could induce local renal vasospasm and any vaso- 
dilator might promptly reverse their effect. 

The intravenous injection of Parathormone re- 
sulted in a prompt diuresis and renal vasodilatation 
in every patient to whom it was given. The exact 
degree of renal hyperemia could not be assessed 
as there was some “washing-out” of inulin and 
Diodrast from the oliguric kidneys. These changes 
occurred regardless of the presence of oliguria and 
renal vasoconstriction and were usually maintained 
for 40 to 60 minutes. 

The effects of Parathormone were not found to 
be related to any specific effect of the hormone on 
the tubular reabsorption of phosphate and could 
be elicited equally well with an autoclaved prepara- 
tion. The effects appeared to be of a non-specific 
protein nature. It is important to consider this 
renal vasodilator effect in the study of the effects 
of Parathormone on the renal clearance of phos- 
phate. 

The data reported here indicate that some pa- 
tients receiving intravenous infusions of distilled 
water, and having intravascular hemolysis from 
them, develop reversible renal vasoconstriction and 
oliguria without clinical evidence of systemic car- 
diovascular changes. Profound oliguria did not 
indicate that structural changes had occurred in 
the renal tubule cells and that function could be 
restored only after regeneration. If this type of 
renal response was due to intravascular hemoly- 
sis, and not to the infusion of distilled water as 
such, it could be a determining factor in the gene- 
sis of acute renal failure. Renal vasoconstriction 
from hemolysis could be converted to severe re- 
nal ischemia by mild to moderate shock induced 
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by the reactions to mis-matched blood transfu- 11. Hunter, F. T., Grove-Rasmussen, M., and Soutter, L., 


sion, Cl. Welchii infections, or blackwater fever. 
This could provide a partial explanation for the 
irregular incidence of acute renal failure after 
intravascular hemolysis. 


SUMMARY 


1. Intravascular hemolysis has been induced in 
10 patients by the infusion of distilled water into 
a small peripheral vein while renal function was 


studied. 

2. Urine flow became directly correlated with 
renal plasma flow (Diodrast clearance). 

3. Profound oliguria and marked renal vaso- 
constriction developed in seven of the patients but 
both rapidly disappeared when the infusion of 
distilled water was discontinued. 

4. Oliguria and renal vasoconstriction could be 
reversed rapidly by the intravenous injection of 
Parathormone which caused renal hyperemia. 
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The technique of differential agglutinaticn of 
red cells, introduced by Ashby (1), has been widely 
used to measure the life span of red cells following 
transfusion. The technique of differential hemoly- 
sis was investigated as a possible alternative to 
this method in an attempt to separate more easily 
the surviving donor cells from those of the recipi- 
ent. 

Differential hemolysis was first used by Todd 
and White (2) in studies on the survival of the 
red cells of one bull when transfused into the cir- 
culation of a second bull. Willenegger (3) em- 
ployed a method of differential hemolysis to study 
the survival of normal human erythrocytes trans- 
fused into the circulation of normal human 


recipients. 
Differential hemolysis is employed in the study 
of survival of red cells in a manner similar to dif- 


ferential agglutination. Compatible but antigeni- 
cally distinct red cells are introduced by trans- 
fusion into the circulation of a suitable recipient. 
The survival of these transfused red cells can then 
be followed during their life span in the recipient 
by taking samples of blood containing the mixed 
cell population, eliminating the cells of the recipi- 
ent by exposing the mixture to the appropriate 
hemolytic antiserum, and counting the remaining 
number of donor cells which are not subject to 
hemolysis. The method of differential hemolysis 
is different from that of differential agglutination 
in that hemolysins are used instead of the cor- 
responding agglutinins in the separation of the 
mixed cell population. Since Anti-A and Anti-B 


1 Supported in part by Grant H-1263 (c) from the 
National Institutes of Health, U. S. Public Health Service. 

2 Melbourne Fellow in Medicine, University Hospitals 
of Cleveland, Ohio. Present address, Royal Melbourne 
Hospital, Melbourne, Australia. 

8 Research Fellow in Medicine, School of Medicine, 
Western Reserve University, Cleveland, Ohio. 


are the only isoantibodies which occur in the form 
of potent hemolysins the technique is limited to 
transfusions within the ABO system and, unlike 
the method of differential agglutination, cannot be 
used in studies dependent on the M, N, or D anti- 
gens. 

The ability of the hemolytic sera employed to 
hemolyze all but a very small fraction of the cells 
of the appropriate blood group is obviously of im- 
portance if the method is to be reliable. It was 
found that even the most potent hemolytic anti- 
sera did not lyse all the cells in any instance, and 
that a small number of unhemolyzed red cells al- 
ways remained. In any prospective recipient for 
a study of cell survival it is necessary, therefore, 
to determine the number of his cells per mm‘*. 
which are not hemolyzable by the hemolytic anti- 
serum to be used in the study. This number, 
which corresponds to the unagglutinable or blank 
count in the method of differential agglutination, 
will be referred to as the blank count. If the 
method of differential hemolysis is to be reliable 
in the estimation of the survival of transfused cells 
the blank counts of any hemolytic antisera used 
must conform to the specifications established for 
satisfactory antisera in the method of differential 
agglutination. Accordingly, the blank count must 
be low. About 20,000 cells per mm‘*. is usually re- 
garded as the upper limit permitted (4). Also, 
the blank count should not vary significantly on 
storage of the serum for periods of at least five 
months. 

To assess the reliability and accuracy of the 
method of differential hemolysis, the survival of 
transfused red cells was estimated in parallel by 
this technique and by a standard method of differ- 
ential agglutination in seven individuals. Blank 
counts were performed on a number of normal 
individuals and on patients in a general medical 
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ward. In some cases these counts were repeated 
after an interval of some months to determine 
whether or not any significant change occurred. 
The number of group O cells was also estimated 
in known mixtures of these with either group A 
or group B cells. 


MATERIALS AND METHODS 
Transfused blood 


Blood from group O donors was taken into a stand- 
ard acid citrate dextrose solution* and stored at 2° C. 
In no instance was the duration of such storage prior to 
transfusion longer than 48 hours. Immediately prior 
to transfusion in each case the plasma was removed and, 
after washing the cells once in an equivalent volume of 
saline, this also was removed and replaced with a further 
volume of saline. Cross matching was performed in 
each case in 30 per cent bovine albumin and by means of 
an indirect Coombs test by standard procedures (5). 


Estimation of surviving donor cells 


1. Method of differential agglutination. Dried im- 
mune rabbit Anti-A, Anti-B, and Anti-M sera (Lederle) 
which gave satisfactorily low blank counts in each case 
were used in the procedure described by Ebert and Emer- 
son (6) with only minor modification. Dilutions of 
whole blood were made in two ways. As described by 
Emerson (7), 0.1 ml. of whole blood was pipetted into 
0.9 ml. of 0.85 per cent sodium chloride solution to make 
a 1 in 10 dilution. One-tenth ml. of this 4 dilution 
was then added to 1.9 ml. of 0.85 per cent sodium chloride 
solution to produce a final dilution of 1 in 200. A final 
dilution of whole blood of 1 in 204 was prepared in other 
instances in the following manner: A sample of 0.1 ml. of 
whole blood was measured within the accuracy of a Folin 
and Wu pipette 5 and delivered into 5.00 ml. of 0.85 per 
cent sodium chloride solution to produce a dilution of 1 
in 51. Using an automatic glass pipette (4), which de- 
livered approximately 0.1 ml., one volume of the red cell 
suspension (1 in 51) was mixed with three volumes of 
0.85 per cent sodium chloride solution to produce a final 
dilution of 1 part of whole blood in 204 parts of sodium 
chioride solution. In performing blank counts the cells 
in 0.5 or 1.0 mm*. were counted and in counts of surviving 
red cells a total of 500 to 1,000 cells usually was counted 
on two sides of the same counting chamber. When the 
number of surviving cells was small, the cells in 0.5 mm’. 
on each side of the chamber were counted. 

2. Methods in differential hemolysis. Immune human 
Anti-A and Anti-B sera were used. At the commence- 
ment of this study immune sera were obtained from a 
patient of group O who had inadvertently been given 500 


#Formula: Citric Acid, 0.48 Gm.; Sodium Citrate, 
1.82 Gm.; Dextrose, 1.47 Gm.; Water, to 100 ml. 

5 Calibrated by the manufacturer to contain 0.i ml. with 
the volume adjusted to a tolerance of + 0.00025 ml. 
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ml. of group A blood. Sera from this patient (DB1 and 
DB2) were obtained 10 and 24 days after this transfusion 
of incompatible blood and contained an Anti-A hemolysin 
capable of giving satisfactory blank counts if used in- 
diluted. These antisera, however, proved unsatisfactory 
if diluted at all and could not therefore be used in the 
method of differential hemolysis described below in which 
fresh serum was added as a source of complement. More 
potent hemolytic antisera were obtained from the Knicker- 
bocker Blood Bank, New York, New York. These were 
prepared by the immunization of group B and group A 
volunteers, respectively, by two subcutaneous injections 
of commercially prepared group A and group B specific 
substance given 24 hours apart. The serum of the volun- 
teers was harvested 10 days later. All sera were stored 
in amounts sufficient for one determination (about 0.2 ml.) 
in sealed glass ampoules at — 15° C. 

a. Differential hemolysis without added fresh serum. 
About 1 ml. of freshly drawn venous blood was placed, 
without anticoagulant, onto a paraffined watch glass. 
A sample of 0.1 ml. of this blood, measured within the 
accuracy of a Folin and Wu pipette, was delivered into 
5.00 ml. of 0.85 per cent sodium chloride solution to pro- 
duce a final whole blood dilution of 1 in 51. This red cell 
suspension was then thoroughly mixed by repeated gentle 
inversion. Using an automatic glass pipette which de- 
livered approximately 0.1 ml., equal volumes of this red 
cell suspension and of hemolytic antiserum were pipetted 
into a culture tube of dimensions 10 X 75 mnt. which was 
stoppered and incubated in a water bath at 37° C. for 15 
minutes. 

b. Differential hemolysis with added fresh serum. The 
procedure as described above was modified as follows. 
An equal volume of the recipients fresh serum was added, 
by means of the same automatic glass pipette, to the sus- 
pension of red celis before the addition of the volume of 
hemolytic anti-serum. Thus the final dilution of the 
sample of blood was 1 in 153 (1 in 51 X 3) in this method 
instead of 1 in 102 (1 in 51 X 2) in the method described 
previously. Incubation was carried out as above for 15 
minutes at 37° C. 

In all cases the same Folin and Wu 0.1 ml. pipettes were 
used in making dilutions and the same counting chamber 
was used in cell counts for both methods. 


RESULTS 
1. Blank counts 


The number of unhemolyzed cells per mm*. of 
whole blood was determined in 19 individuals us- 
ing the appropriate group specific antisera. At the 
commencement of this study no fresh serum was 
added to the mixture of cells and antiserum. Us- 
ing this technique eight group A subjects were 
studied using seven antisera and one group B sub- 
ject using five antisera. The blank counts obtained 
were satisfactory since none was more than 26,000 





RED CELL SURVIVAL BY 


TABLE I 


Results of counts of unhemolyzed cells (blank counts) of ind1- 
viduals of group A, or group B using antisera con- 
taining isohemolysins of the appropriate type 
and with the addition of fresh normal 
serum as a source of complement 








Number of unhemolyzed 
red cells/mm. or the 
‘blank count”’ 


Number 

of hemo- of blank 
lytic counts 

antisera per- 
used formed 


8 20 
5 17 


Number 





Mean 


9,500 1,100-22,200 
12,200 2,800—16,500 


Range 








per mm’. Of 17 counts on the group A subjects 
twelve were less than 10,000 per mm*. Blank 
counts using this technique and the same antisera 
were repeated over a period of six months in sev- 
eral of these cases, and little change in their mag- 
nitude was found for a period of about five months. 
At this stage, however, presumably due to deteri- 
oration in the complement in this antisera, they 
failed to produce complete lysis and considerably 
higher blank counts were obtained. At the same 
time agglutinated masses of unhemolyzed cells 
were observed when making these blank counts. 
Prior to this time the small number of unhemo- 
lyzed cells, representing the blank count, had 
shown no tendency to form agglutinates. To 
overcome this difficulty complement, in the form 
of freshly drawn serum from the subject, was 
added to the saline suspended cells prior to the 
addition of the hemolytic antiserum. With suitable 
sera satisfactory blank counts could be obtained 
by this method even after complete destruction of 
complement in the antiserum by heating it to 56° 
C. for 15 minutes. Reconstituted lyophilised 
guinea pig serum ® was also tried as a source of 
complement in similar experiments but proved 
less satisfactory because of less complete lysis of 
cells and a tendency for the unlysed cells to form 
agglutinates. No agglutinates were observed when 
fresh human serum was used as a source of com- 
plement. 

Using this method with added fresh serum, 
blank counts were done on five group A, subjects, 
five group B subjects and four group AB sub- 


6 Obtained from Carworth Farms, Inc., New City, New 
York. These guinea pig sera, which were used in final 
dilutions ranging from 1 in 3 to 1 in 9, were not absorbed 
with human cells before use. 
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jects. No group A, subjects were studied. 
Eleven Anti-A sera and nine Anti-B sera were used 
of which eight Anti-A and five Anti-B sera proved 
satisfactory since the blank count was less than 
30,000 red cells per mm’. The unsatisfactory sera 
gave blank counts in excess of 30,000 per mm‘. for 
group A and B subjects, although all but two of 
them appeared to produce complete hemolysis on 
examination of test cells by the unaided eye. The 
details of blank counts obtained with the 13 sera 
with low blank counts are shown in Table I, and 
the results of blank counts on group AB subjects 
are shown in Table IT. 

In several instances the blank counts of sub- 
jects were repeated, using the same antisera, after 
varying intervals of time. These included the re- 
cipients used in red cell survival studies where 
blank counts were done both at the commencement 
and conclusion of the study. data are 
shown in Table III. It can be seen that changes 
in the blank count are not of sufficient magnitude 
to interfere significantly with the accuracy of a 
red cell survival study. Thus a change in blank 
count from 13,000 per mm*. to 10,000 per mm‘*. 
would have little effect on the accuracy in the 
estimation of several hundred thousand group O 
cells per mm*. 


These 


TABLE II 


Results of counts of unhemolyzed cells (blank counts) of four 
group AB individuals using antisera containing 
Anti-A or Anti-B isohemolysins and with 
the addition of fresh normal serum 
as a source of complement 








Blank count 
(cells)* 
mm.* 


Blood 
group 


AiB 


Hemolytic 


Subject antiserum 


bal ae 





Anti-A (NYA2) 
Anti-B (NYB1) 


Anti-A (NYA4) 
Anti-A (NYAS) 
Anti-B (NYB1) 
Anti-B (NYB5) 


Anti-A (NYA4) 
Anti-A (NYA2) 
Anti-B (NYB1) 
Anti-B (NYB4) 


Anti-A (NYA4) 
Anti-B (NYBS) 


29,000 
333,000 


1,500,000 
1,500,000 
12,200 
12,200 


303,000 
279,000 


E. R. A2B 


37.600 


Vics A:B 2.760,009 


7,000 





* As can be seen from the blank counts obtained, either 
Anti-A or Anti-B sera gave almost complete hemolysis of 
the cells of any one individual. In all four subjects, how- 
ever, only one type of antiserum was effective in this way, 
the antisera of the other type leaving approximately 5 to 
45 per cent of the total number of cells unhemolyzed. 
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TABLE Ill 


Data obtained by reprating counts of tnhemolyzed cells 
(blank counts) on five individuals after 
varying irtervals of time 








Blank 
Interval count 


in weeks 


Hemolytic 
antiserum cells/mm. 


Anti-B (NYB1) 0 15,000 
23 15,000 
48 16,500 
Anti-B (NYB4) 0 12,400 
23 11,400 
48 13,100 
Anti-B (NYBS) 0 16,500 
23 10,100 


Anti-A (NYA2) 0 8,000 
23 14,000 
27 9,000 
Anti-A (NYA4) 0 10,400 
23 10,000 
27 14,600 
Anti-A (NYAS) 0 15,000 
23 12,000 
27 7,100 


Anti-A (NYA2) 0 29,000 
22 12,400 
44 24,000 


2,800 
il 7,000 


8,100 
13,500 
10,000 
11,000 
12,500 
12,900 
13,000 
13,000 
10,000 

8,400 

9,000 
13,000 


Case Blood 
No. group 


1 B 





B Anti-B (NYBS) 


Normal B 
subject 


Anti-B (NYB1) 


Anti-B (NYB4) 


Anti-B (NYBS) 





2. Counts on known cell mixtures 


Mixtures of known proportions of group O red 
cells with either group A or group B cells were 


made. This was done by preparing suspensions 
of group O and either group A or B cells in saline 
and determining their cell content by counting 
2,000 to 4,000 cells. A microburette was then 
used to prepare a mixture of the group O cells 
with either group A or B cells containing a known 
number of group O cells. The samples were 
measured promptly to reduce to a minimum the 
settling of red cells within the burette. The mix- 
tures were so prepared that the number of group 
O cells was in the range usually encountered in 
performing cell survival studies. Standard tech- 
niques, as described above under methods, were 
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used to estimate the number of group O cells in 
these mixtures. All sera used in the hemolytic 
method had been stored for 2 period of five months 
and counts were performed in duplicate using two 
separate samples of each serum. The results are 
shown in Table IV. The coefficient of variation 
attributable to random distribution of cells in the 
chamber in these experiments is estimated to be 
about 3 per cent since approximately 1,000 cells 
were counted in each instance. 


3. Red cell survival studies 


The survival of transfused group O red cells 
was studied in seven individuals using in each 
instance a method of differential agglutination in 
parallel with one or both methods of differential 
hemolysis. A summary of the donors, recipients, 
methods and sera employed is given in Table V. 
The results of these survival studies have been 
plotted in Figure 1. In Cases 1, 2, and 6 the mean 
of the two counts has been plotted. These were 
obtained from the use of two separate hemolytic 
antisera in each observation on the number of sur- 
viving donor cells. In Cases 1 and 2 the agree- 
ment between duplicate counts was good when us- 
ing different hemolytic antisera with added com- 
plement. Of seventeen such paired observations 


TABLE IV 


Counts of group O cells in known mixtures with either group 
A or group B cells as determined by the method of 
differential hemolysis with added fresh 
serum as a source of complement 








Deviation 
of actual 
— count from 
estimated 
count,* 
per cent 


Count of group O cells in 
known mixture 





Actual 
count, 
10*/mm.* 


Estimated 
count, 
10°/mm. 


Hemolytic 
antiserum 





Mixture of group O and group A cells 


Anti-A (NYA2) 0.436 0.437 
Anti-A (NYA2) 0.436 0.434 
Anti-A (NYA4) 0.436 0.437 
Anti-A (NYA4) 0.436 0.443 
Anti-A (NYAS) 0.436 0.438 
Anti-A (NYAS) 0.436 0.447 


+0.23 
— 0.46 
+0.23 
+1.61 
+0.46 
+2.52 


Mixture of group O and group B cells 


Anti-B (NYB1) 0.425 0.425 0 
Anti-B (NYB1) 0.425 0.418 — 1.64 
Anti-B (NYB4) 0.425 0.452 +6.35 
Anti-B (NYB4) 0.425 0.411 —3.29 
Anti-B (NYBS) 0.425 0.427 +0.47 
Anti-B (NYBS5) 0.425 0.415 — 2.35 





* The coefficient of variation is about +3 per cent since 
approximately 1,000 red cells were counted in each ob- 
servation. 
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TABLE V 
Details of red cell survival studies shown in Figure 1 








Differential hemolysis 





Added 
fresh 
normal 
serum 


Antisera 
used for 
differential 
agglutination 


Blood 
group of 
donor 


Blood 
group of 
recipient 


Case 
number 


Antiserum 
used 


Comments 





Group 1—Normal red cells transfused into normal recipients 


ON Anti-M Anti-B (NYB1) + 
Anti-B (NYB4) + 


Normal male, aged 23, was trans- 
fused with fresh normal donor 
blood 


BM 


Anti-A Anti-A (DB1) 
Anti-A (DB2) 


Anti-A (NYA2) 


Normal male, aged 27, was trans- 
fused with fresh normal donor 
blood. 


Anti-A (NYAS) 


Group 2—Normal red cells transfused into patients with anemia 


Oo Anti-A 


Anti-A 


Anti-A (DB1) 


Anti-A (DB1) 0 


Anti-A (DB1) 


Normal donor blood was trans- 
fused into a 20-year-old female 
who was convalescent from an 
episode of hemolytic anemia asso- 
ciated with moderate thrombo- 
cytopenia. 


Normal donor blood was trans- 
fused into a 25-year-old female 
suffering from atypical nonsphe- 
rocytic hereditary hemolytic 
anemia. Splenectomy had been 
performed twenty months prior 
to this study without benefit. 


Normal donor blood was trans- 
fused into a 67-year-old female 
with refractory macrocytic ane- 
mia. Her bone marrow showed 
a megaloblastic maturation de- 
fect but no response had been 
obtained with usual dosage of 
vitamin B 12. 


Group 3—Abnormal red cells transfused into normal recipients 


Oo Anti-A 


Anti-B 


Anti-A (NYA2) + 
Anti-A (DB1) 0 


Anti-B (NYBS) + 


Blood from a patient with typical 
congenital methemoglobinamia 
was transfused into a normal 
male aged 30. 


Blood from a subject with ellip- 
tocytosis was transfused into a 
60-year-old male convalescent 
from a compound fracture of the 


leg. 





all but three were within twice the calculated stand- 
ard deviation (Table VI) to be expected from 
random distribution of cells in the counting 
chamber. This standard deviation was calculated 
by taking the square root of the total number of 
cells counted using both antisera and multiplying 
by the dilution factor (8). 

In Case 2, agreement between these paired ob- 
servations using the method of differential hemoly- 
sis without added complement was not good. In 


all observations made after the sixtieth day the 
sera employed without added complement were 
found to be ineffective in hemolyzing all but a 
small fraction of the recipient’s cells which were 
seen in clumps in the counting chamber when 
counts of the surviving donor cells were performed. 
A similar observation was made at about the same 
time and using one of the same antisera (DB1) 
in Case 6. In both instances the serum had been 
stored for a period of about six and one-half 
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In each case this has been estimated in parallel by the methods of differential agglutination and differ- 
ential hemolysis. Results are expressed as the number of surviving donor cells present per mm’. of 
whole blood. 
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TABLE VI 


Data of parallel estimctions of surviving donor cells in Cases 1 and 2 using two different hemolytic antisera in the method of 
Gifferential hemolysis with the addition of fresh serum as a source of complement 








Anticipated error 
(2 S.D.) due to 
random distribution 

between two of cells in 


Difference 
Number of surviving 


Days after 
transfusion 


donor cells 
(10*/mm.3) 


observations counting chamber 
(10*/mm.*) (10*/mm.*) 





Anti-B (NYB1) 
0.592 
0.400 
0.340 
0.333 
0.222 
0.118 
0.060 
0.014 


Anti-A (NYAS) 
0.408 
0.373 
0.361 
0.251 
0.277 
0.236 
0.145 
0.097 
0.023 


Case 1 
Anti-B (NYB4) 
0.500 
0.417 
0.311 
0.335 
0.225 
0.125 
0.048 
0.014 


Case 2 


Anti-A (NYA2) 
0.375 
0.387 
0.341 
0.280 
0.281 
0.223 
0.140 
0.101 
0.035 





* The difference between the parallel observations in these observations exceeds 2 S.D. 


months since its collection. The loss of hemolytic 
activity was presumably due to a fall in the con- 
tent of serum complement, but complement titra- 
tions were not performed. Also these particular 
Anti-A sera (DB1 and DB2) did not contain a 
sufficiently potent isohemolysin to be effective when 
diluted by the addition of fresh serum in the method 
of differential hemolysis with added complement. 
In both Cases 2 and 6 the blank count by the 
method of differential hemolysis without added 
complement finally rose to over 100,000 per mm‘. 
at the conclusion of the studies. 

Apart from the unsatisfactory agreement result- 
ing from high blank counts in the method of dif- 
ferential hemolysis without added complement, the 
agreement between the number of surviving donor 
cells, as estimated by the methods of differential 
agglutination and differential hemolysis was good. 
It is also apparent that there was no systematic 
error involved since neither method gave con- 
sistently higher or lower readings than the other. 
Agreement between the methods was most satisfac- 
tory in Case 7 which was the last to be performed, 
a fact which may be attributable to increasing ex- 


perience in the use of both the methods of differ- 
ential agglutination and differential hemolysis. 


DISCUSSION 


The results obtained demonstrate the possible 
applications and limitations of the method of dif- 
ferential hemolysis to estimate the survival of 
red cells following transfusion. Experience with 
the method of differential hemolysis in which no 
complement was added to the system showed that 
this technique was not reliable if the hemolytic 
antisera were stored for periods in excess of about 
five months. This was due to the fact that the 
blank counts obtainable with such sera rose after 
this time due presumably to the loss of hemolytic 
complement activity. This difficulty was over- 
come for potent hemolytic antisera by the addition 
of complement in the form of fresh serum to the 
system. 

The method of differential hemolysis with added 
complement proved to be a practical and reliable 
method for the determination of red cell survival 
in the cases studied. Features which were con- 
sidered satisfactory in the method included the 
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following: The blank counts with potent anti- 
sera were low and compare favorably with those 
reported for the method of differential agglutina- 
tion especially for recipients with blood of group 
B. The method of differential hemolysis obviated 
the separation of the donor cells from the ag- 
glutinated masses of recipient cells by the rather 
arbitrary mechanical means of centrifugation and 
agitation which are a feature of most methods of 
differential agglutination. By eliminating the 
clumps of agglutinated recipients cells from the 
counting chamber, the method of differential he- 
molysis also facilitated the counting of surviving 
donor cells. For this reason also the technique of 
differential hemolysis would appear to be more 
satisfactory for counts done by means of an auto- 
matic red cell counter. 

The method of differential hemolysis permits 
easy separation, with a minimum of manipulation, 
of a population of donor’s cells with a decreasing 
life expectancy in the circulation of the recipient. 
Such a technique might be used to study more 
closely the changes occurring with the process of 
aging of the red cell im vivo. 

The method of differential hemolysis is limited 
in scope since red cells with M and N antigens can- 
not be studied because the antibodies to these 
antigens are not hemolytic. 

Several observations were made in connection 
with the action of group specific isohemolysins. 
The resistance of a very small fraction of the cells 
to hemolysins by even the most potent antisera as 
represented by the blank count, is analogous to the 
unagglutinated red cells observed with the most 
potent isohemagglutinins. It is difficult, however, 
to explain the observation of unhemolyzed cells 
by means of the “saturation hypothesis” of Mc- 
Kerns which is the presumed mechanism of the un- 
agglutinated cells. McKerns and Denstedt (9) 
postulate that unagglutinable cells become satu- 
rated with antibody before they have a chance to 
collide with other cells and that the complete satu- 
ration of their antigen receptors leaves none of 
these available for reaction with antibody fixed 
to other free or agglutinated cells. Another pos- 
sible explanation for lack of hemolysis would be 
the consumption of hemolytic antibody or of com- 
plement. This, however, was evidently not the 
case since red cells added to a system containing 
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this small number of unhemolyzed cells were 
readily hemolyzed showing that neither antibody 
nor complement had been exhausted. The mecha- 
nism responsible for unhemolyzed cells is not 
known. 

The observation that fresh normal human serum 
proved a more satisfactory source of hemolytic 
complement than reconstituted lyophilised guinea 
pig serum in conjunction with the action of iso- 
hemolysins on the cells of the appropriate blood 
group was unexpected. In other reactions involv- 
ing complement, guinea pig serum is found to be 
more effective than normal human serum because 
of the higher complement titre of the former. 

Finally, the observation that the great majority 
of the red cells of a group AB individual were 
susceptible to hemolysis by either Anti-A serum 
or Anti-B serum but not by both was interesting. 
The fact that 5 to 45 per cent of all the cells were 
not hemolyzed by one type of antiserum suggests 
an unequal distribution of either the A or B anti- 
gen on the cells of these group AB subjects. How- 
ever, more evidence is needed to support this 
hypothesis. 

The survival of normal red cells transfused into 
normal recipients showed a life span of these cells 
of about 120 days—a result which is in agreement 
with previous similar studies. The normal life 
span of the red cells from a patient with congenital 
methemoglobinemia and the decreased life span 
of elliptocytes in the circulations of normal recipi- 
ents are also of some interest. 


SUMMARY 


1. A reliable technique for the estimation of 
the life span of transfused group O cells is de- 
scribed employing a method of differential hemoly- 
sis. 

2. If potent immune human antisera were used 
and fresh serum added as a source of comple- 
ment, blank counts obtained with this technique 
compared very favorably with those obtained us- 
ing the technique of differential agglutination. 

3. Using this technique with added fresh serum 
blank counts in individuals did not vary signifi- 
cantly with storage of the antisera at — 15° C. for 
periods up to 27 weeks. 

4. Counts of group O red cells in mixtures of 
known proportion with red cells of either group 





RED CELL SURVIVAL BY DIFFERENTIAL HEMOLYSIS 


A or group B demonstrated the accuracy and re- 
liability of the technique in the separation of such 
mixed red cell populations. 

5. The survival of transfused red cells in seven 
recipients was estimated in parallel by techniques 
of differential agglutination and differential he- 
molysis. Satisfactory agreement between the two 
methods was obtained provided fresh serum was 
added to the mixture of cells and hemolytic anti- 
serum to insure the presence of adequate amounts 
of complement in the mixture. 

6. The advantages and possible application of 
the technique to the closer study of the changes oc- 
curring in the in vivo aging of red cells is dis- 
cussed. 

7. Some observations have been made on the 
actions of isohemolysins. 
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Alteration of renal hemodynamics and tubular 
function following administration of organic mer- 
curial compounds has been investigated by several 
workers (1,2). These compounds have no effect 
on the glomerular filtration rate or effective renal 
plasma flow. The maximal capacity of the tu- 
bules to excrete para-aminohippurate in man 
(Tmpan) is depressed by the administration of 
mercurial diuretics. Berliner, Kennedy, and Hil- 
ton (1) observed depression of Tmpay varying 
from 67 to 83 per cent of the control values after 
administration of Salyrgan* to five human sub- 
jects. Our unpublished observations confirm that 
administration of Mercuhydrin® also depresses 
Tmpan to a similar degree. Berliner, Kennedy, 
and Hilton also found that the depressed tubular 
excretion of PAH following administration of 
Salyrgan may be restored to the control value by 
injection of British Anti-Lewisite (BAL, 2, 3-di- 
mercapto propanol). Ruskin, Ruskin, and Nowin- 
ski (3) report that ascorbic acid protects against 
the respiratory depression of rat kidney slices ob- 
served following exposure to Mercuhydrin. This 
observation suggested to us that ascorbic acid might 
also prevent the depression of Tmpag induced by 
Mercuhydrin. Our experiments demonstrate that 
ascorbic acid is virtually as effective as BAL in 
inhibiting the depression of Tmpay that follows 
administration of Mercuhydrin. 


METHODS 


Patients were selected on the wards at random. Those 
having far advanced renal disease and congestive heart 


1 Supported in part by a Cardiovascular Training Grant 
from the National Heart Institute, U. S. Public Health 
Service. 

2Salyrgan (sodium salt of 0-(3-hydroxymercuri-2- 
methoxypropyl) carbamyl phenoxyacetic acid) is manu- 
factured by Winthrop-Stearns, Inc., Rensselaer, New 
York. 

8Mercuhydrin (sodium salt of methoxy-oxymercuri- 
propyl succinyl urea with aminophyllin) is manufactured 
by the Lakeside Laboratories, Milwaukee, Wis. 


failure were excluded. After fasting overnight the sub- 
ject was given 1,500 cc. of tap water 30 minutes before 
each procedure to induce adequate urinary flow. Priming 
doses of 50 cc. of 25 per cent mannitol and 50 cc. of 20 
per cent sodium para-aminohippurate (PAH) were in- 
jected intravenously. Continuous intravenous infusions 
of mannitol and PAH were maintained throughout the 
course of each experiment so that plasma levels of these 
substances remained fairly constant. After an equili- 
bration period of 20 minutes, clearances were measured 
in two successive periods of 15 minutes each and aver- 
aged. Urine specimens were collected through an in- 
dwelling catheter, and the bladder was irrigated with 
20 cc. saline and flushed with air at the beginning and 
end of each period. Venous blood samples were drawn 
at the beginning and end of each period. Plasma levels 
of PAH were maintained above 30 mg. per 100 cc. in all 
determinations of Tm. Blood and urinary specimens 
were analyzed for mannitol and PAH by methods de- 
scribed in the literature (4). Clearance of mannitol was 
regarded as a close approximation of the glomerular 
filtration rate. 

In six subjects, after the control clearance was deter- 
mined, 150 mg. of ascorbic acid was given intravenously. 
Then two measurements of mannitol clearance and 
Tmpan in successive 15-minute periods were made and 
averaged. Next, Mercuhydrin, 2.0 cc., was injected and 
the mannitol clearance and Tmpan again measured in two 
periods beginning 30 minutes after the injection. In five 
other subjects, BAL, 3.0 mg. per kilogram of body weight, 
was injected intramuscularly at the same time that Mer- 
cuhydrin was injected intravenously. Mannitol clearance 
and Tmpan were determined in two successive periods 
beginning 30 minutes later. 


RESULTS 


Ascorbic acid alone had no significant influence 
on Tmpan (Table I). The average Tmpan in 
six subjects prior to injection of ascorbic acid was 
58.8 mg. per minute compared to 60.8 mg. follow- 
ing ascorbic acid. Ascorbic acid protects against 
the depression of Tmpan induced by Mercuhydrin. 
The average Tm following ascorbic acid and Mer- 
cuhydrin was 57.1 per 100 cc., or 94 per cent of the 
control value. No correlation is apparent between 
the degree of depression of Tmpan and the diu- 
retic response. 
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TUBULAR FUNCTION AFTER MERCUHYDRIN AND ASCORBIC ACID 


TABLE I 


Glomerular filtration rate, Tmpaun, and urine flow following intravenous ascorbic acid and Mercuhydrin 








Tmpan 


Glomerular filtration rate 
} mg./min. 


Urine flow 
cc. /men. 


cc. / min. 








After 
As.A. 
and Hg 


5.60 
7.10 
13.10 
17.88 
6.13 
8.75 


9.76 


After 
After As.A. 
As.A.* andHg 


73.0 98.3 
119.9 147.4 
69.4 67.5 
108.5 122.5 
63.3 78.4 
82.4 105.9 


86.1 103.3 


After 
As.A. 
and Hg % 


48.4 
73.6 
Sark 
59.2 
42.2 
64.2 


57.1 


After 
As.A. 


59.0 
79.8 
57.4 
58.8 
42.8 
66.7 


60.8 


After 
As.A. 


4.60 
4.90 
4.20 
9.10 
4.83 
4.48 


5.35 


Control 


56.2 
75.8 
54.5 
64.3 
47.3 
54.7 


58.8 


Control Control 


4.43 
5.50 
3.90 
9.94 
4.35 
5.39 


5.25 





Averages 





*As.A. = aa Ag 
s.A. + ig 

Kier As A. * *° 

t Values uncorrected for surface area. 


t Per cent = 


The results when BAL was given with the Mer- 
cuhydrin were similar to those when ascorbic 
acid was given (Table II). The average control 
Tmpan in five patients was 57.1 mg. per minute; 
following coincident administration of BAL and 
Mercuhydrin it was 57.2 mg. per minute, almost 
precisely 100 per cent of the control. 

Although both BAL and ascorbic acid protected 
against a decrease in Tmpay following administra- 
tion of Mercuhydrin, moderate diuretic responses 
occurred. This may have been due to the xanthine 
contained in Mercuhydrin and to the osmotic ef- 
fect of the continuous infusion of mannitol. No 
conclusions are justified regarding inhibition of 
diuresis by coincident administration of BAL or 
ascorbic acid with Mercuhydrin. 


COMMENT 


The capacity of mercurial diuretics to depress 
the transport of PAH across the renal tubular 
membrane in man is in contrast to the effect of 


this agent in the dog, but corresponds to the ef- 
fect in the rat (5). The protection of Tmpau 
from mercurial effect and the inhibition of mer- 
curial diuresis by BAL are in accord with the 
known properties of this agent. Benesch and 
Benesch (6) showed that BAL combines stoichio- 
metrically with Mercuhydrin to produce a com- 
pound that is physiologically inactive. Handley 
and Lavick (7) reported that organic mercurials 
inactivate the succinic dehydrogenase system in 
the renal tubules of the rat and dog. The succinic 
dehydrogenase system contains sulfhydryl groups 
susceptible to combination with mercury. They, 
as well as Farah and Maresh (8), suggest that 
this system may be implicated in salt and water 
resorption, since its protection by BAL coincides 
with reduced diuretic effect of mercurials. Fawaz 
and Fawaz (9) concluded, on the contrary, that 
this constitutes insufficient evidence to implicate 
the succinic dehydrogenase system in the resorption 
of salt and water. They point out that its inacti- 


TABLE II 
Glomerular filtration rate and Tmpan following administration of Mercuhydrin and BAL 











Glomerular filtration rate 
cc./min. 


Tmpan 
mg./min. 





Hg and 
Control AL 


Per cent 
of control 





Hg and Per cent 
Control BAL of control 





118 
111 
88 
92 
100 


100 


47.4 
48.8 
87.5 
S92 
42.8 


57.1 


78 
95 
125 
83 
104 


94.3 
91.9 
133.3 
94.3 
122.0 


107.2 


110.8 
102.2 
117.2 

86.7 
122.3 


107.8 100 
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vation by the mercurials may be only one of many 
effects ot this agent upon the renal tubules. 

The ability of ascorbic acid to prevent the de- 
crease in Tmpay following administration of Mer- 
cuhydrin may be predicted from clinical experi- 
ence that ascorbic acid neutralizes toxic effects of 
arsenic and mercury. The practice of administer- 
ing ascorbic acid with mercurial diuretics to pro- 
vide protection against cardiac intoxication is well 
founded (10, 11). Our results indicate that as- 
corbic acid also blocks at least one effect of Mer- 
cuhydrin on the kidney, the ability of Mercuhy- 
drin to depress Tmpan. In this respect it is ef- 
fective to the same degree as BAL. Speculation 
suggests that this blocking effect of ascorbic acid 
may depend upon its capacity as a reducing agent 
(12). It may reduce soluble mercuric salts, at the 
cellular level, to insoluble and perhaps physiologi- 
cally inactive mercurous salts. 

Our data are insufficient to indicate whether 
prevention of the decrease in Tmpay following 
injection of Mercuhydrin influences the diuretic 
potency of Mercuhydrin. The clinical practice of 
administering ascorbic acid with Mercuhydrin 
must be evaluated in the light of this possibility. 


Although Shaffer (13) reported that ascorbic acid 
potentiates the diuretic effect of Mercupurin, the 
effect was observed in subjects that had been satu- 


rated with ascorbic acid. His observation might 
not be applicable in the routine clinical use of the 
two agents. 


SUMMARY 


Following control determination of glomerular 
filtration rate and maximal tubular excretion of 
para-aminohippurate (Tmpan), these functions 
were observed in man in two sets of circumstances : 
(1) Immediately following the intravenous injec- 
tion of ascorbic acid, and in the same subjects suc- 
cessively, 30 minutes after the intravenous injec- 
tion of Mercuhydrin; and (2) 30 minutes after 
the concomitant injections of BAL intramuscu- 
larly and Mercuhydrin intravenously. Ascorbic 
acid alone did not influence glomerular filtration 
rate or Tmpan, but protected against the depres- 
sion of Tmpay usually induced by Mercuhydrin. 
Concomitant administration of BAL also pro- 
tected against the depression of Tmpay induced 
by Mercuhydrin. The data do not establish 
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whether diuretic potency of Mercuhydrin is al- 
tered by concomitant administration of ascorbic 
cid. This possibility is suggested, however, and 
is worthy of further investigation. 
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The negative nitrogen balance of thermal trauma 
is a well recognized phenomenon (1, 2). The 
meaning and significance of this to body metabo- 
lism are poorly understood. Partition of urinary 
nitrogen may assist in interpreting the significance 
of nitrogen loss. Walker (3) and Taylor, Leven- 
son, Davidson, and Adams (4) found an increase 
in nonprotein urinary nitrogen of burned patients. 
This was chiefly due to undetermined nitrogen, the 
latter defined as the difference between the total 
nonprotein nitrogen and the sum of urea, uric acid, 
creatinine, and alpha-amino nitrogen. To analyze 
this partition further we have studied the urinary 
amino acid excretion of severely burned patients. 
Amino-aciduria has been found after severe thermal 
trauma. A similar amino-aciduria has been ob- 
served after comparable surgical trauma, suggest- 
Similar 


ing that the phenomenon is nonspecific. 
studies on patients with hypercorticism (Cush- 
ing’s disease) suggest that the adrenal gland may 
be operative in the amino-aciduria of thermal 
trauma. 


MATERIALS AND METHODS 


The paper chromatographic technic described by Mar- 
tin and Synge (5), Consden, Gordon, and Martin (6), 
and Dent (7) was utilized to study the urinary excre- 
tion of free amino acids. Hydrolysis of urine was not 
carried out, and so the role of peptiduria cannot be 
evaluated. 

Aliquots of 24-hour urine collections were analyzed for 
nitrogen (Kjeldahl) and volumes corresponding to 250 
micrograms of total nitrogen were chromatographed 
two-dimensionally. The first solvent consisted of phenol 
and water; and the second, of butanol, propionic acid, and 
water (8). The papers were developed by spraying 
lightly with 0.1 per cent ninhydrin in ethanol. 

Using this technic, urine of normal people is found to 
contain mainly glycine and alanine with occasional traces 
of other “nonessential” amino acids. In general, only 
the lower molecular weight, “nonessential” amino acids 
are found in urine (9-11). 


1 These studies were aided by financial support from 
Departments of the Army and Navy, NR 114-198. 


Five members of our laboratory personnel served as 
“normals.” Figure 1 represents the amino acid pat- 
tern of the person in this group showing the greatest ex- 
cretion of amino acids. It also illustrates our chart- 
ing conventions. The amino acids have been arbitrarily 
classified as “essential” and “nonessential” in terms of 
the latest available information regarding the necessity 
of their presence in the diet of normal adult human be- 
ings in order to maintain positive nitrogen balance (12). 
Within both groups the amino acids have been arranged 
in order of increasing molecular weight. 


The severely burned 


Six severely burned patients were studied. All were 
brought to the hospital shortly after injury except Case 
No. 52-51, who was transferred from another hospital 
48 hours after injury. All had suffered extensive thermal 
trauma involving from 15 to 65 per cent of the total body 
surface. 

All patients were in good general health prior to being 
burned. Treatment was similar in each instance. Plasma 
and blood were used for colloid replacement according to 
a standard formula (13). Penicillin and streptomycin 
were administered in every case. All the burned areas 
were treated with occlusive dressings. Administration 
and calculation of oral intake were supervised by a 
special dietitian. Twenty-four hour urine samples were 
collected in bottles containing thymol and toluol by means 
of an indwelling catheter. Aliquots were used for 
analyses. 


The unburned 


Similar observations were done on patients undergoing 
conventional surgical procedures. In order of increasing 
magnitude these procedures were: excision of fissure in 
ano, hemorrhoidectomy, herniorrhaphy, total hysterec- 
tomy, and subtotal gastrectomy. All operations were 
elective and all patients in good general and nutritional 
condition. Gas-oxygen-ether anesthesia was used in all 
but the first two cases, where spinal anesthesia was uti- 
lized. Postoperatively, saline, glucose, and water were 
administered intravenously until the patient’s oral intake 
was adequate. 

In an attempt to evaluate the role of the adrenal glands, 
three patients with hypercorticism due to fullblown Cush- 
ing’s disease were studied. Twenty-four hour urine col- 
lections were carried out before and after radical subtotal 
adrenalectomy. A minimum of fourteen days was per- 
mitted to elapse after surgery so that any effects due to 
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TOTAL 
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TOT. 
Ficure 1 


surgical trauma per se (as seen in the previous group) 
might be minimized. 


RESULTS 


The burned 


The findings in the burned patients are reported 


in order of increasing severity. There are two 
charts for some patients. The first represents the 
amino acid excretion patterned after Figure 1; 
the second corresponding chart, suffixed by the 
letter A, shows the simultaneous over-all nitrogen 
balance and gross amino-aciduria for the same pa- 
tient. Since volumes of urine containing equal 
amounts of nitrogen were chromatographed daily, 
the significance of the “A” chart becomes obvious. 
If the amino-aciduria represents a constant per- 
centage of the nitrogen excretion, then chroma- 
tography of urine containing equal amounts of 


nitrogen should result in equal amounts of total 
amino acid on the chromatogram. 

A 19-month-old boy with deep second degree 
burns of 17 per cent of his body surface (Figure 
2, Case 52-88) showed a pattern of amino acid ex- 
cretion only slightly greater than normal. If tau- 
rine and glutamine were to be excluded, the pat- 
tern might be considered at the upper limit of our 
“normals.” 

A similar pattern is seen in the amino acid ex- 
cretion of a 42-year-old man who suffered a ther- 
mal burn of 30 per cent of his body surface ; about 
half of this was full thickness (Figure 3, Case 52- 
70). Amino-aciduria subsided somewhat after the 
first four weeks. 

Figure 4 (Case 52-51) demonstrates the amino 
acids present in the urine of a 30-year-old lineman 
who suffered deep, high voltage, electrical burns 
of the entire right arm and both thighs. The arm 
was amputated at the shoulder and both legs were 
radically debrided at the time of admission, 48 
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hours after injury. His convalescence was un- 


eventful. Taurine and glutamine were again 
present. The over-all amino acid excretion ap- 
peared greater than normal throughout the period 
of observation. In Figure 4A this patient’s ni- 
trogen balance has been charted synchronously 
with the number of amino acids excreted. Ni- 
trogen balance was calculated by subtracting the 
grams of nitrogen (Kjeldahl) in the urine, feces, 
and dressings from grams of nitrogen administered 
by mouth and parenterally. It is of interest to note 
the relative constancy of the amino-aciduria de- 
spite the shifts in nitrogen balance. 

Figure 5 (Case 52-90) represents the amino- 
aciduria of a 23-year-old man who suffered thermal 
burns of 40 per cent of his total body surface, most 
of which were full thickness. Amino-aciduria was 
still present after forty days, at which time many 
areas were still unhealed. After 139 days, when 
grafting had been completed, reduction in amino 
acid excretion, particularly as regards the “essen- 
tial” amino acids, is evident. 

The amino acid pattern of a 45-year-old woman 


with 50 per cent body surface burns, over half of 
which were full thickness, is summarized in Fig- 
ure 6 (Case 52-92). She died seven days after 
burning, while in oliguria. The serum nonprotein 
nitrogen had risen from a value of 31 mg. per cent 
at the time of admission to 135 mg. per cent two 
days before death. Figure 6A demonstrates that 
the period of amino-aciduria corresponded roughly 
to the period of greatest nitrogen negativity. How- 
ever, amino-aciduria persisted after restoration of 
positive nitrogen balance, suggesting that the quan- 
titative and qualitative excretion of amino acids 
was independent of the over-all nitrogen balance. 

A 64-year-old woman with a thermal burn of 
64 per cent of her body surface, more than half 
of which was full thickness, died on her tenth hos- 
pital day. Amino-aciduria persisted, though sub- 
siding, until the time of death (Figure 7, Case 
52-83). In Figure 7A the amino acid excretion 
again fluctuates independently of over-all nitrogen 
balance. The terminal reduction of amino acid ex- 
cretion may have been due to a reduced glomerular 
filtration. 
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The unburned 


Chromatography of the preoperative urine speci- 
mens of the five patients undergoing surgery re- 
vealed a normal pattern in every case. Minor 
procedures such as hemorrhoidectomy and ex- 
cision of fissure in ano resulted in little if any de- 
viation from normal. Partial gastrectomy (Figure 
8, Case S-3) resulted in somewhat less amino-aci- 
duria than that seen in Figure 5. Hysterectomy 
and herniorrhaphy resulted in a pattern which lay 
between that of gastrectomy and hemorrhoidec- 
tomy. 

The three patients with Cushing’s disease 
showed a greater than normal urinary excretion 
of amino acids before operation. Figure 9 illus- 
trates the typical findings in one of these cases. 
The patient was a 42-year-old woman with a ruddy 
face, abnormal fat distribution, hirsutism, and hy- 
pertension. A two-stage, radical, subtotal, adrenal- 
ectomy was carried out under cyclopropane anes- 
thesia. The postoperative course was uneventful 
and the dosage of cortisone was gradually reduced 
from 200 mg. per day to a daily maintenance dose 
of 30 mg. over a period of two weeks. After this 
maintenance dose had been established, daily uri- 
nary collections were carried out for five days. 
Despite the possible residual effects of surgery, the 
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minimal amino acid excretion is striking. Figure 
9A shows the reduction of amino-aciduria in the 


postoperative phase as well as the over-all nitrogen 
metabolism. 
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DISCUSSION 


Amino-aciduria accompanied the increased uri- 
nary nitrogen loss which follows severe thermal 
trauma. It was also present after major surgical 
procedures. It consisted of an increase in both 
the lower molecular weight, “nonessential” amino 
acids normally found in urine and the higher mo- 
lecular weight, “essential” amino acids not usually 
present. There was some suggestion that both 
the qualitative and quantitative aspects of the 
amino-aciduria may be proportional to the severity 
of the trauma. Patients who were not burned 
severely enough to endanger their lives and pa- 
tients undergoing minor surgical procedures 
showed only minimal amino acid excretion with a 
preponderance of “nonessential” amino acids. 
Those dying of their burns or undergoing major 
surgery had a massive excretion of both “essential” 
and “nonessential” amino acids. 

The actual mechanism of this amino-aciduria 
is not clear. There are three possibilities. Amino- 
aciduria may result when elevated blood amino 
acid levels exceed the renal threshold. With nor- 
mal blood levels, renal damage and failure of tu- 
bular reabsorption may cause amino-aciduria. 
Finally, amino-aciduria may be seen with normal 
blood levels and “intact” kidneys in certain “meta- 
bolic” disorders—i.e., “primary amino-aciduria” 
as in the de Toni-Fanconi syndrome and cysti- 
nuria. Although the available data are inadequate 
to rule out such a mechanism in thermal trauma, a 
metabolic disorder of this sort seems unlikely. It 
would seem most likely, then, that the escape of 
amino acids observed is due to either elevated 
plasma amino acid levels or renal dysfunction (al- 
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though no evidence for the latter has been found), 
or a combination of these two mechanisms. 

Elevation of alpha amino nitrogen in the blood 
of eight of twelve patients with thermal burns in 
the first 24 hours after injury has been demon- 
strated (14). However, marked hemoconcentra- 
tion was present in these patients. Repeated 
plasma amino nitrogen levels determined in our 
patients when hemoconcentration was not present 
were always found to be within normal limits, 1.c., 
less than 5 mg. per cent. 

Everson and Fritschel (15) failed to show any 
rise in plasma amino nitrogen subsequent to anes- 
thesia and surgery. Friedberg and Greenberg 
(16) and Li, Geschwind, and Evans (17) sug- 
gest that cortical extract or adrenocorticotropic 
hormone may increase the level of plasma amino 
acids. Greif (18), however, found a significant 
fall in the plasma amino acid level of a hypopitui- 
tary patient receiving adrenocorticotropic hor- 
mone. Russell (19) found that the increase in 
blood urea in nephrectomized rats resulting from 
intravenously administered amino acids was mark- 
edly reduced by this pituitary hormone. 

The high protein intake administered to con- 


valescing burned patients might be a factor in ele- 


vating the plasma amino acid level. Dent and 
Schilling (20) showed that after ingestion of pro- 
teins large rises occurred in the concentration of 
many amino acids in the portal blood of dogs, which 
could be accompanied by amino-aciduria. It is 
doubtful that a high protein intake played a sig- 
nificant role in our patients, since the amino-aci- 
duria was subsiding as the patients improved 
clinically and were able to ingest more protein. 
In addition, the surgical patients received little 
or no protein during the first days of convalescence. 

Certainly all these factors, protein breakdown, 
shock, and increased steroid production, are op- 
erating in the burned and traumatized patients. 
However, it seems unlikely that increased blood 
concentration of amino acids alone can account for 
the observed amino-aciduria. 

After administration of ACTH to a patient, 
Ronzoni, Roberts, Frankel, and Ramasarma (21) 
found an increase in urinary amino acid excretion, 
which returned to normal upon cessation of ther- 
apy. However, Russell and Wilhelmi (22) dem- 
onstrated an improved rate of de-amination in 
adrenalectomized rats when cortisone was adminis- 
tered. Burnett (23) suggested that steroid ad- 
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ministration improved tubular reabsorption in 
Addison’s disease. Cagan, Klein, and Loewe (24) 
felt that cortisone caused increased tubular reab- 
sorption of intravenously administered amino 
acids in treated Addisonians. It is possible that 
one of the adrenal steroids other than cortisone is 
responsible for failure of tubular reabsorption, but 
we have no evidence for this at present. Since 
adrenal hyperfunction is probably present in all 
our burns, cortisone may be suspected as a causa- 
tive factor. 

The kidney may play a specific role in the amino- 
aciduria of trauma. Amino acids seem to re- 
semble glucose in their renal behavior. How- 
ever, the mechanism of tubular reabsorption must 
differ since phlorizin poisoning does not produce 
amino-aciduria. Since amino acids filter freely 
through the glomerulus, amino-aciduria may re- 
sult from failure of tubular reabsorption. Pitts 
(25) has shown a competitive tubular reabsorp- 
tion for creatin and glycine. Since numerous in- 
vestigators (26 — 28) have shown the presence of 
creatinuria in burns, a possible explanation for an 
accompanying amino-aciduria is suggested. How- 
ever, since such competition exists only at very 
high plasma levels, this factor is probably of no 
importance. 

Finally, the influence of amino acids themselves 
on the renal tubules must be considered. Kamin 
and Handler (29) have shown that the excretion 
of threonine and histidine was easily effected by 
the presence of an unusual quantity of any other 
amino acid in the plasma. Perhaps the presence of 
a disorderly, albeit not elevated, pattern of amino 
acids in the renal tubule is enough to initiate a dis- 
turbance of tubular reabsorption. 


SUMMARY 


An abnormal amino-aciduria consisting of ex- 
cretion of “essential” amino acids not normally 
present in urine as well as increased quantities of 
“nonessential” amino acids was found in the urines 
of severely burned or traumatized patients. 

The qualitative and quantitative aspects of this 
amino-aciduria may be proportional to the severity 
of the trauma. The amino acid excretion was in- 
fluenced by but not completely dependent upon 
the total urinary nitrogen. Hyperactivity of the 
adrenal cortex as seen in Cushing’s disease re- 
sulted in a moderate degree of amino-aciduria. 
The latter effect was not reproduced by a daily 
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maintenance dose of 30 mg. cortisone after bi- 
lateral subtotal adrenalectomy. 

This escape of amino acids is most likely due to 
a failure of tubular reabsorption. The reason for 
the latter is not clear but may be due to some 
adrenal steroid other than cortisone, to an ab- 
normal amino acid pattern presented to the tu- 
bule, or to some other factor. 
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Methods for electrophoretic separation of amino 
acids, peptides and proteins on filter paper were 
developed independently by several investigators 
(1-5) during the years 1948-50. The major pro- 
tein components of serum could be separated satis- 
factorily by this principle. The serum proteins on 
the paper were stained with dye; by cutting the 
paper into segments and eluting the dye, the 
amount bound in each segment could be estimated 
and an electrophoretic pattern constructed. The 
quicker procedure of photometric quantitation of 
the resolved serum components directly from the 
paper strip was introduced by Grassmann, Hannig, 
and Knedel (6, 7). Variables which affect elec- 
trophoretic movement of protein and peptide in a 
paper supported buffer medium include variations 
in potential gradient, temperature, pH, ionic 
strength and nature of the buffer used, thickness 
of the filter paper, evaporation, time of run, and 
nature of the protein itself. Paper electrophoresis 
is well established as a research technique, having 
been successfully used in serum protein and lipid 
analysis (2-20), identification of the iron-binding 
globulin (21), study of gastric mucins (22), se- 
rum transport of thyroglobulin (23) and identi- 
fication of abnormal hemoglobins (24, 25). This 
report relates experiences with the Grassmann- 
Hannig and Durrum methods of paper electro- 
phoresis of serum proteins and photometric meas- 
urement of the amount of dye bound by the serum 
The significance of results ob- 


protein fractions. 
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tained, their relationship to those obtained by free 
electrophoresis, and the accuracy and value of 
paper electrophoresis as a clinical laboratory pro- 
cedure are discussed. 


MATERIAL AND METHODS 


Collection of samples. Sera were obtained from fasting 
subjects and stored at 4° C. Electrophoresis was usually 
performed on the following day, and not longer than 
seven days after obtaining the specimen. The results of 
analyses on 55 subjects are presented.4 

Paper electrophoresis apparatus and technique. The 
apparatus described by Grassmann and Hannig (7), and 
a minor modification of that described by Durrum (26) 
were used. Both employ similar principles. 

Each Grassmann-Hannig box holds two papers in a 
horizontal position, and three boxes were usually run 
simultaneously. Strips of Whatman No. 1 filter paper, 
4 cm. X 30 cm. were used. After the paper strip had been 
moistened in buffer, gently blotted and placed in position 
in the box,5 approximately 0.01 ml. of serum was carefully 
applied ® as a narrow band across the center of the strip 
to within 0.5 cm. of either edge. Even distribution and 
linear application of protein were important in deter- 
mining the quality of the resolution. A diethylbarbituric 
acid-sodium barbital buffer, pH 8.6, ionic strength 0.1 was 
used. Several runs could be made with one lot of buffer 
without change in pH, but the polarity was changed after 
each run; after every second run, the electrodes were 
washed free of deposited barbiturate. A power supply 
and voltage regulator were used to supply constant d.c. 
voltage from a 110 a.c. volt supply. For six paper strips 
connected in parallel (three boxes), optimal separations 
were obtained with 150 v. and 9 m.a. for 14 hours. Al- 
though separation could be achieved in 6 to 7 hours with 
currents of 15 m.a., longer runs with lower currents gave 
better results. During the run, there was a slight drop 
in voltage and rise in amperage, due to the properties 
of the power supply used. No gross fluctuations in cur- 


4Samples of abnormal sera were obtained from pa- 
tients in the King County and Veterans Administration 
hospitals, Seattle. 

5 The paper was kept under tension by use of counter- 
weights. 

8 “Misco” micro pipettes from the Microchemical Spec- 
ialties Corp., Berkeley, California. 
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rent strength occurred, and papers could thus be run con- 
veniently overnight. 

A similar technique was employed with the Durrum ap- 
paratus. The model used in this laboratory has two buffer 
compartments 34 cm. by 7 cm. into which the paper dips, 
and two electrode compartments 34 cm. by 2 cm.; each 
inner buffer compartment is connected to its correspond- 
ing outer electrode compartment by three small open- 
ings plugged with glass wool. Up to seven strips of 
paper, 35 cm. by 4 cm., are supported 20 degrees from the 
vertical by a plastic rack which has an apex height of 
18.5 cm. A diethylbarbituric acid-sodium barbital buffer 
of pH 8.6, ionic strength 0.1 was employed, with a cur- 
rent of 1.5 m.a. per strip (180-220 volts) for 14 hours. 
Initially, the dry papers were suspended over the rack and 
buffer was allowed to gradually soak upwards from the 
buffer chamber; the serum was applied as a band across 
the dry section of the paper just before the buffer rising 
up the two halves of the paper met at the top. It was 
later found more satisfactory to moisten and blot the en- 
tire paper, suspend it horizontally, apply the serum across 
the center, and then suspend the paper strip over the rack. 
Movement of albumin during electrophoresis could be fol- 
lowed by adding a small amount of dye (azocarmine or 
bromphenol blue) to the serum specimen to be used. 

Electrophoresis was carried out routinely in the re- 
frigerator at 4° C., although temperature control may not 
actually be important (7, 27). No studies on the effect 
of temperature on quality of separation were made in 
this laboratory. 

With either apparatus, best results were obtained with 
a diethylbarbituric acid-sodium barbital buffer pH 8.6, 
ionic strength 0.1. Other types of buffers appraised in- 
cluded sodium barbital-acetate, pH 7-9, sodium barbital- 
citrate pH 8.6, phosphate pH 7-9, phosphate-citrate pH 
6-8, and phosphate-citrate-borate pH 7-9, all of ionic 
strength 0.1. Phosphate buffers are prepared in a simpler 
fashion and less expensively than barbiturate buffers, per- 
mit more rapid movement of serum components, and 
give a satisfactory separation of 8 and 7 globulins. How- 
ever, of the buffers evaluated, only barbiturate solutions 
resolved a, globulin from albumin. Protein movement 
was faster using buffers of ionic strength 0.05, and a run 
could be completed in 6 to 7 hours; good patterns were 
obtained but protein “trailing” seemed more pronounced. 

After removal from the apparatus, excess moisture was 
immediately blotted from the buffer-soaked ends of the 
papers; otherwise this moisture moved towards the center 
of the strip, displacing the albumin band back towards 
the point of application and causing some smearing of the 
pattern. Paper strips were partially dried in air, then 
transferred to an oven at 100° C. for 30 minutes. 

Staining of paper strips. Both amido black 10 B 
(Grassmann and Hannig [7]) and azocarmine (Turba 
and Enenkel [4]) stains have been used. Papers were 
stained for exactly 10 minutes, as it had been empha- 
sized that dye uptake by globulins increases slowly with 
time (8). For amido black, removal of background stain 
of the protein-free filter paper required repeated washings 
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Fic. 1. RELATIONSHIP BETWEEN PLANIMETER AREAS 
CALCULATED FROM PHOTOMETER READINGS AND QUAN- 
TITY OF DyEp PROTEIN 


with 10 per cent acetic acid in methanol.? Decoloriza- 
tion was never quite complete; however the faint blue 
background did not interfere with photometric registra- 
tion of protein-bound dye. Azocarmine gave a less in- 
tense stain. Prior to its application, protein was “fixed” 
by immersion of the strip in methanol for 5 minutes. 
After staining, papers were easily and quickly de- 
colorized with 10 per cent acetic acid. The azocarmine 
stain faded appreciably in 5 to 6 weeks, whereas amido 
black did not appear to do so. With either dye, easy 
decolorization of the protein-free paper with dioxane was 
not possible, as reported by Griffiths (15) for brom- 
phenol blue. Although azocarmine was easier to handle, 
and results appeared quantitatively similar to those ob- 
tained with amido black, the latter dye was found prefer- 
able, particularly for bringing out bands of low protein 
concentration. 

Photometric measure of protein concentration. Papers 
were rendered translucent by immersion in a solution of 
a-bromnaphthalene and mineral oil (7) (10 parts of 
mineral oil to one part of a-bromnaphthalene) before be- 
ing subjected to photometry. 

The Grassmann-Hannig photometer *® was employed. 
The oil-soaked paper was passed millimeter by millimeter 
across a 4 cm. long and 1 mm. wide slit over a white light 
source, the light absorption being measured by a photocell 
and registered in optical density units. Errors associated 
with irregular protein movement at the edges of the paper 
(“edge effects”) were eliminated by shortening the light 
slit by 1 cm. with black adhesive tape. When consecutive 
photometer readings (ordinate) were plotted against 
millimeter distance along the paper strip (abscissa), a 
smooth electrophoretic curve was obtained showing the 
characteristic peaks for whole serum components. The 
percentages of the individual serum protein components 
present were calculated from planimeter measurements of 
areas under the peaks, after dropping perpendiculars to 


7 Water washes may be alternated with methanol washes. 
8 Obtained from Bender and Hobein, Munich, Germany. 
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TABLE I 


Results of multiple analyses of a single abnormal serum 
(Case 52, tuberculous adenttis) 








Serum components 
(per cent total planimeter area) 





Globulins 
8B 





Experiment 


number 7 


Albumin 


37.0 
36.7 
39.1 
37.5 
36.0 
35.7 
39.2 
37.3 


37.3 
3.5 


1.8 
1.20 


14.3 
11.9 
12.4 
13.7 
13.2 
14.2 
13.7 
13.4 


13.4 
2.4 


1.5 
6 0.77 0.61 
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4.7 
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1.72 
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Maximum differences 

Maximum differences 
from mean 

Standard deviations 
from mean 
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the baseline from the lowest points between peaks (28). 

Free electrophoretic methods. Free electrophoretic 
analysis of sera was performed with two different types 
of apparatus, the Pearson model of the Tiselius appara- 
tus with a slit replacing the knife edge for recording,® 
and the Perkin-Elmer model 38. Sera were diluted 1:4 
or 1:4.5 with barbital buffer and dialyzed against buffer 
for 18 hours at 5° C. Runs were made in a diethylbar- 
bituric acid-sodium barbital buffer, pH 8.6, ionic strength 
0.1 at 0-1° C. Magnified schlieren diagrams were traced 
onto paper and the areas under peaks determined by 
planimetry. The tracings were divided into areas by 
lines dropped perpendicularly to the base from the lowest 
point between the peaks. 


® Analyses performed by Dr. N. Eriksen. 


RESULTS 


Readings on the photorneter were demonstrated 
to be directly proportional to amounts of albumin 
protein on the paper strip, within certain limits of 
protein concentration (Figure 1): Known quan- 
tities of human albumin in 0.01 ml. of solution were 
applied as a band to the paper, stained, and sub- 
jected to photometry. The planimeter areas ob- 
tained were then plotted against protein concen- 
tration ; the relationship of planimeter area to pro- 
tein concentration was found to be linear only up to 
1.6 Gm. per cent using amido black stain, and 2.2 
Gm. per cent using azocarmine. These concentra- 
tions corresponded, respectively, to protein den- 
sities produced by 2.9 x 10°* and 4.6 x 10% mg. 
albumin per square millimeter averaged over the 
area scanned by the photometer (1 X 39 mm.). 
The density of the albumin band in patterns of 
normal serum often exceeded these values, being 
of the order of 9 x 10°* mg. albumin per square 
millimeter. 

Using amido black, multiple (8) analyses of a 
single abnormal serum gave a range of variation 
within satisfactory limits for each component 
(Table I). The maximum deviation from the 
mean, in terms of percentage of concentration of 
total protein, was for albumin 1.8 per cent, a, 
globulin 0.8 per cent, a, globulin 1.5 per cent, B 
globulin 1.2 per cent and y globulin 2.7 per cent. 
No difference in electrophoretic separation be- 
tween the Durrum and Grassmann-Hannig types 


TABLE II 
Comparison of serum protein staining by amido black and azocarmine dyes 








Serum components (per cent total planimeter area) 





Amido- Black 


Azocarmine 








Globulins 


Globulins 








Albumin 8 


8 
Q 
8 


Diagnosis 


Albumin 6 





Normal 

Normal 

Portal cirrhosis 

Biliary cirrhosis 

Myeloma 

Myeloma 

Nephrotic syndrome 

Hypercholesterolemic 
xanthomatosis 

Lupus erythematosis 

Lupus erythematosis 

Myeloid leukemia 

Pulmonary abscess 


13.7 
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TABLE Ill 


Comparison of amido black siain and photometric analysis 
with bromphenol blue staining, elution and color- 
imetry, and with free electrophoresis 








Serum components 
(per cent total planimeter area) 


Globulins 








Analytical procedure Albumin a as 


Case No. 9 

Photometric method ; . 9. 
Elution and colorimetry* : é 9. 
Free electrophoresis h 8 10. 





Case No. 47 
Photometric method 
Elution and colorimetry* 
Free electrophoresis 


Case No. 54 
Photometric method 
Elution and colorimetry* 


Free electrophoresis 15.6 





* Data obtained by Drs. B. C. Houghton and C. E. 
Bender. 


of apparatus *° was observed. Azocarmine and 
amido black stains yielded almost identical re- 
sults with a given serum (Table IT). 


The dye-binding properties of albumin * and 


10 In a limited series, electrophoresis by the above meth- 
ods, with photometric analysis of the paper strips, gave 
results which closely corresponded with those obtained 
by paper electrophoresis between sealed glass plates fol- 
lowed by bromphenol blue staining and elution (Kunkel 
and Tiselius [5]) (Table III). 

11 Red Cross normal human serum albumin. 
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y globulin ** for azocarmine and anxido black were 
studied individually by applying known amounts 
of protein to paper strips, staining, and measuring 
by planimeter the areas obtained by photometric 
measure of dye concentration. When bands repre- 
senting equal amounts of protein (micro-Kjeldahl 
nitrogen determination) were compared, the albu- 
min area was found to be greater than that for y 
globulin by a factor of 1.3 for amido black and 1.35 
for azocarmine.*? However, this factor did not 
appear to apply in the following analysis of a nor- 
mal whole serum: A known quantity of , globulin 
was added to the serum of the same subject from 
which it was obtained. Measurement by both free 
and paper electrophoresis, employing no factor of 
correction, almost completely accounted for the y 
globulin increment (Table IV). In electropho- 
retic analysis of whole serum, gamma globulin val- 
ues were actually slightly greater by the paper 
method than by free electrophoresis (Table V) ; 
this was presumably due to “trailing” of albumin 
on the paper. 

Analyses by paper electrophoresis of 55 different 
normal and abnormal sera are presented in Table 
V and Figure 2. In most cases, a corresponding 
free electrophoretic pattern was obtained, and the 


12 Ninety per cent electrophoretically homogeneous nor- 
mal human 7 globulin prepared in this laboratory by 
Cohn’s Method 10 (29). 

18 Bromphenol blue gave erratic results with direct 
photometry due to instability of color intensity and shade, 
as was also noted by K6iw (30). 


TABLE IV 
Determinations of y globulin before and after adding known amount of y globulin* to normal serum 





Free electrophoresis 


Paper electrophoresis 








Before addition 
of y globutin 


After addition 
of y globulin 


After addition 


Before addition 
i of y globulin 


of y globulin 














Per cent 
of total 


Protein 
conc. 


S Per cent 
Serum of total 
components Gm. % 


Protein 
conc. 


Gm. % 


Protein 
conc. 


Gm. % 


Per cent 
of total 
area 


Protein 
conc. 


Gm. % 


Per cent 
of total 





Alb : 4.21 
a « 0.36 
a d 0.57 
B ; 1.22 
Y t 1.20 
Total proteinf 7.56 
globulin 


increment 2.23 — 1.20 = 1.03 Gm. % 


4.23 
0.36 
0.68 
1.34 
2.23 


8.84 


4.41 
0.37 
0.78 
0.82 
2.46 


8.84 


4.23 49, 
0.33 , 
0.69 
0.89 
1.42 


7.56 


2.46 — 1.42 = 1.04 Gm. % 





* 1.28 Gm., 85 per cent electrophoretically homogeneous (1.09 Gm. y globulin). 


t Biuret. 
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results for the two techniques were compared. 
For normal subjects, values for albumin and for 
the individual globulins fell within the expected 
ranges, and divergence from free electrophoretic 
values was small. It is evident from Figure 2 
that there is a lack of correspondence in position 
of the peaks in the paper and free electrophoretic 
patterns, due to differing protein mobilities be- 
tween the two techniques. On paper, albumin and 
a, globulin separate well, whereas the other globu- 
lins tend to be compressed. This was particularly 
noticeable in the sera of portal cirrhosis. With- 
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out knowing mobilities, precise identification of 
the various globulin fractions on the paper strip 
may occasionally be uncertain. 

Poor correlation between paper and free elec- 
trophoretic analysis was observed in two cases of 
hypercholesterolemic xanthomatosis tuberosum 
(Cases 40 and 41). These sera, together with a 
highly lipemic serum from a patient with the 
nephrotic syndrome (Case 37), were studied as 
follows: Total nondialyzable solids (TNDS) 
were determined by dialyzing the serum against 
distilled water for 7 to 10 days, then drying the dia- 


TABLE V 


Comparison of paper and free electrophoresis for normal and pathological sera 
(Components expressed as percentages of total planimeter area) 








Paper electrophoresis 
Globulins 
a2 B 


Free electrophoresis 








Globulins 


B 








Albumin Albumin 


= 
Sd 
8 
8 
ro) 
2 





57.8 
65.9 
54.9 
91.5 
54.6 
60.3 
58.7 
57.4 
55.8 
60.5 
59.5 
12 52.1 


57.4 


60.8 
63.8 
56.7 
57.1 
Sal 
59.2 
54.7 
53.2 
58.7 
56.1 
56.6 
56.6 


57.4 


_ 


12.4 
12.9 
13.8 
11.6 
14.0 
12.1 
14.5 
13.4 
13.7 
15.2 


14.9 
14.8 
14.9 
15.5 
15.1 
18.0 
16.7 
12.2 
14.8 
15.3 
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Means: 

Mean differences from 
free electrophoretic 
values: —0. 

Maximum differences from 
free electrophoresis: 


Portal Cirrhosis 


| 
» 2 
tn G0 

| 
- 
‘o 


35.9 
27.0 
24.4 
32.4 
35.5 
43.1 
33.3 
45.6 
38.5 
55.8 
44.0 
35.2 


38.4 
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Mean differences from 
free electrophoretic 
values (for cases 19-25) 
Maximum differences from 
free electrophoretic 
values (for cases 19-25) ry § 2.4 2.6 8.4 3.0 


op 
S 
‘o 
4 
= 
w 


+0.9 +0.9 





a = Electrophoretic analysis on Perkin-Elmer apparatus model 38 (Ascending limb). 
b = Electrophoretic analysis on Pearson model of Tiselius apparatus (Descending limb). 
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TABLE vV—Continued 





Paper electrophoresis 


Free electrophoresis 








Globulins 


Globul'ns 








Diagnosis Albumin 


Albumin 8 





Biliary Cirrhosis 
Obstructive biliary 
cirrhosis 
Obstructive biliary 
cirrhosis 
Primary biliary 
cirrhosis 
Primary biliary 
cirrhosis 


36.0 
41.8 
33.7 
46.4 


Multiple Myeloma 


Nephrotic Syndrome 
Glomerulonephritis 
Diabetic nephropathy 
Diabetic nephropathy ; 
Toxemia of pregnancy 


Miscellaneous 
Essential hyper- 
cholesterolemic 
xanthomatosis 
Essential hyper- 
cholesterolemic 
xanthomatosis 
Lupus erythematosis 6.7 
Lupus erythematosis 2.4 
Lymphosarcoma 57.1 
I 
7.1 


— i 
-_OeF Oe 


mt me Gy 00 
me 


a 


2 
4 
Myeloid leukemia 4 
Neutropenia, 4 
recurrent infections 
Lymphoma 31. 
Hypopituitarism 24. 
Pulmonary abscess 40. 
Recurrent pulmonary 51 
infection 
Staphylococcal 53. 
infections 
Tuberculous adenitis 37.0 
Infectious hepatitis 54.9 
Bronchial asthma 47.5 
Agammaglobulinemia 64.4 


— me DD 
Cl me me ST 
— 


1 
7 
S 
3 
0 


mo 
— 
—s 


PAPN I ANSA WooAw 
ii 


PUP UW BNOCS Ome Wwe 
Pon BP SAwW® WOdWwW 


SOD 
ee et 


: : ~ ere wee: 
Cw WwW DBNWO RO”OWS 


GEN ON 


28.2 
36.6 
26.4 
38.0 


14.9 
13.8 


18.7 
13.9 


14.9 


18.6 
42.1 


29.5 
11.4 


12.9 
14.6 33.4 


15.6 15.6 
14.7 2.0 


50.2 10.1 
32.4 . 6.9 


33.0 12.2 
53.6 13.5 


$3.7 12.1 
36.7 10.2 


55:2 t 9.6 
66.3 : 115 





lyzed protein for 72 hours at 85° C., with repeated 
weighings over this period. The minimum weight 
was taken as the best estimate of the TNDS of the 
serum (31). The serum concentration in grams 
per cent of each component was calculated by mul- 
tiplying the corresponding per cent of the total 
planimeter area of the free electrophoretic pattern 
by the weight of the TNDS.** These values were 


14 The calculation of individual serum components from 
free electrophoretic patterns as per cent of TNDS would 
seem more valid than values based upon biuret reaction of 


compared with results obtained by paper electro- 
phoresis (amido black) wherein the concentration 
in grams per cent of each component was deter- 
mined by multiplying the corresponding per cent 
of the total planimeter area of the paper electro- 
phoretic pattern by the biuret total protein (Table 
VI). Values for albumin and y globulin cor- 


the whole serum (32); obviously more substances con- 


tribute to refractive change than are determined by dye- 
staining or biuret-reacting groups, the lipid portions of a 
and £ lipoprotein being good examples. 
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responded, whereas values for a and @ globulins, 
which contain the lipoproteins, were considerably 
lower by paper electrophoretic analysis. 

In advanced portal cirrhosis, the characteristic 
albumin depression and y globulin elevation were 
consistent findings (Table V). The y globulin 
peak of the pattern was usually tall and broad, but 
certain other abnormalities in this area were also 


observed. A well-marked and definite band was 


frequently observed between the 8 and y globulin 


areas corresponding to the previously described 
y, fraction (33, 34), or H component of Viollier 
(35). This band was more often apparent in 





terminal cases, where it occasionally amounted to 
as much as 12 per cent of the total serum protein 





' 
L 


Alb a, a, B Y (C) 
CASE 52: TUBERCULOUS ADENITIS 





Fic. 2—Cont. 








i i rT 
Alb a; ay B ¥ (C.) 
CASE 9: NORMAL SERUM 


Fic. 2. Comparison oF Dyep Paper ELECTROPHORETIC 





STRIPS AND CORRESPONDING PHOTOMETER PATTERNS WITH H 
TISELIUS SCHLIEREN DIAGRAMS Alb a, ao B Y (CG) 
A = Stained paper strip. 





CASE 28 PRIMARY BILIARY CIRRHOSIS 


C = Free electrophoretic pattern. Fic. 2—Cont. 


B = Photometer pattern of A. 
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Alb a, a Y 
CASE 25° PORTAL CIRRHOSIS 














Alb a 


1 %3 2 Y 
CASE 35: MULTIPLE MYELOMA, y TYPE 


Fic. 2—Cont. 


concentration, corresponding with Viollier’s ex- 
perience. In our methods of free electrophoresis, 
this component did not take the form of a discrete 
peak, but rather produced a plateau effect in the y 
globulin area. In other cases of cirrhosis the 
paper pattern showed lack of clear separation, or 
smearing together, of the 8 and y globulin bands, 
as noted by Brante (36). Slight a globulin in- 





creases were occasionally found, as have previously 
been noted in cirrhosis (37). Patients with biliary 
cirrhosis showed similar albumin and y globulin 
changes, and also some increase of 8 globulin, but 
the discrepancy between the paper and free elec- 
trophoretic values for B globulin was marked; the 
paper method gave values nearly 50 per cent lower 
than obtained by free electrophoresis. 





The seven cases of myeloma are representative 
Alb a, B Y (Cc) of the various protein changes described in this 
CASE 34: MULTIPLE MYELOMA, 8 TYPE disease (38). Five showed the characteristic nar- 


Fic. 2—Cont. row spiked peak in the y globulin area. In Case 
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26 the abnormal y globulin was a crystalline cryo- 
globulin. In Cases 32 and 34, the abnormal pro- 
tein had a B globulin mobility on free electrophore- 
sis, and accounted for nearly 60 per cent of the 
total protein present; Case 34 showed a double- 
spiked 8 globulin peak. 
usual normo-proteinemic type. 


Case 31 was of the un- 
The 


myeloma proteins frequently gave lower values on 


abnormal 


paper electrophoresis as compared with free elec- 
trophoretic values. This is believed due to an er- 
ror in photometric measurement, because the very 
narrow, deeply-stained myeloma band produced an 
optical density beyond the linear range of the in- 
strument. 

Low albumin and elevated a and £ globulins 
(especially a,) characterized the sera from the 
The 


8 globulin values were again found lower by paper 


four patients with the nephrotic syndrome. 
than by free electrophoresis. Two cases showed 
a separate protein component appearing between 
the albumin and a, globulin areas. 

In diseased states, measurement of fibrinogen in 
plasma is unsatisfactory by the paper electropho- 
retic technique, as has also been found with free 
(39). 
peared as a thin band adjacent to the y globulin 


electrophoresis Fibrinogen usually ap- 
area on the paper, but seldom plotted out as a dis- 
crete peak. Particularly in the cases of cirrhosis 
showing a marked y, globulin band, fibrinogen 
measurements by electrophoresis would seem im- 
possible. 


DISCUSSION 


The precision of paper electrophoresis analysis, 
as evidenced by the reproducibility of results with 
serum, does not quite equal that of the Tiselius 
method. For free electrophoresis, Antweiler (40) 
reports a standard deviation of + 0.5 per cent of 
total protein for each single component, and states 
that differences between duplicates should not ex- 
ceed 1.5 per cent of total protein. 
claim this degree of reproducibility (41). 


Not all workers 
With 
paper electrophoresis, Grassmann and Hannig 
(7), from multiple determinations on different 
sera, give standard deviations (as per cent of total 
protein) of + 1.2 per cent for albumin, + 0.6 per 
cent for a, globulin, + 0.7 per cent for a, globulin, 
+ 0.7 per cent for B globulin and + 1.2 per cent 


for y globulin. Sommerfelt (27), with repeated 


determinations on a single normal serum reports 
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comparable figures. Our reproducibility has also 
been of this order (Tables I and I1) ; for duplicate 
analyses, we regard differences within 3 per cent 
for albumin and y globulin, and 2 per cent for the 
other globulin fractions as acceptable. However, 
when such deviations are related to the concentra- 
tion in grams per cent of each component, the pre- 
cision of the analysis is less impressive; large er- 
rors in the measurement of the smallest fractions, 
such as a, globulin, by paper electrophoresis are 
demonstrated, 

Protein adsorption on the paper or “trailing,” 
especially by the albumin fraction, is an important 
source of error, causing up to a 10 per cent re- 
duction in the albumin value. The degree of ad- 
sorption has been demonstrated by electrophore- 
sis and radioautography of I’! labeled albumin 
C16): 
lower values obtained for albumin by paper as op- 


“Trailing” may account for the occasional 
posed to free electrophoresis. Gamma _ globulin 
behaves in a similar way, but no error is intro- 
duced with the technique described, owing to its 
limited mobility. “Trailing” of protein on the 
paper is largely responsible for the failure of the 
valleys between the peaks to approach the baseline 
of the electrophoretic pattern as closely as occurs 
in free electrophoresis. Thus, the area under the 
globulin peaks may not entirely represent single 
fractions, but will contain elements of the faster 


When 


adsorption, or inadequate separation, results in the 


moving fractions, particularly albumin. 


areas of individual globulin components appearing 
as “shoulders” rather than discrete peaks, any at- 
tempt to resolve the pattern into areas is quite 
inaccurate. 

Noting a lack of agreement between the paper 
and free electrophoretic analysis of the same serum, 
previous investigators concluded that a “globulin 
factor” should be used to equate the results ob- 
tained by the two methods. However, there has 
been no unanimity of opinion as to the magnitude 
or desirability of such a factor, as evidenced by the 
following observations: Using bromphenol blue 
and elution, Cremer and Tiselius (3) observed that 
globulins appeared to bind less dye than albumin 
and derived a factor of 1.6 by which the globulin 
values should be multiplied to achieve compara- 
bility with free electrophoretic analysis. Similar 
factors have been used by subsequent workers em- 


ploying the dye elution technic (8, 9, 12). Com- 
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rABLE VI 


Comparison, methods of analysis of paper and free electrophoretic components, lipemic sera 


Total 
non 
dialyzable 
solids 


INDS 


Biuret 
total 
protein 
Case No Gm. % 


Compo 
nents 


37 6.23 8.23 Alb 
Nephrotic a 
syndrome a2 
Diabetic B 
nephropathy Y 


10 6: 10.40 
H ypercholes- 
terolemic 
xanthomatosis 


4] 10.70 
Hvpercholes- 
terolemic 
xanthomatosis 


paring albumin and y globulin fractions alone, 
Kunkel and Tiselius (5) found that, with a Folin 
tyrosine-reacting reagent, y globulin gave a more 
intense color per unit of nitrogen than albumin ; by 
bromphenol stain and elution, however, the re- 
verse was true, giving a correction factor for 
globulin of approximately 1.3. Grassmann and 
Hannig (7) suggested a 8 globulin factor of 1.25 
using their photometric method with amido black. 
Sommerfelt (42) reported that with amido black 
followed by elution, it was necessary to use a globu- 
lin factor of 1.3, but with the same dye and direct 
Griffiths 
(15), for bromphenol blue and direct photometry, 


photometry, no factor was required. 


stated that he found no evidence that any globulin 
factor was required. On the basis of many com- 
parisons between paper and free electrophoresis, 
using pathological sera and bromphenol blue dye, 
Koiw, Wallenius, and Gronwall (11) derived sepa- 
rate factors for each individual globulin component 
ranging from 0.9 to 8.1; it was emphasized, how- 
ever, that these factors varied greatly from one 
serum to another. 

Our series of comparisons of paper with free 
electrophoresis indicates that results obtained with 
the two methods are in good general agreement. 
The major discrepancies occurred in the 8 globu- 
lin fraction, which often gave lower values with 
paper electrophoresis. The lipid components of 
these globulins presumably contribute to the re- 
fractive change in free electrophoresis, but do not 


Paper electrophoresis Free electrophoresis 
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1.79 
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stain with protein-binding dyes. As would be ex- 
pected, values for lipemic sera and for sera with a 
high 8 globulin peak on free electrophoresis agreed 
least well. 

We have shown that y globulin also may have 
a slightly lower dye-binding capacity than albu- 
min; however, values for albumin tend to be re- 
duced, and y globulin values increased by protein 
adsorption on the paper. All these considerations 
lead to the conclusion that paper electrophoresis 
measures serum protein complexes somewhat dif- 
ferently than does free electrophoresis; hence the 
use of an empirically derived globulin correction 
factor is not recommended, as no such factor can 
exactly equate the results obtained by the two 
methods. 

The electrophoretic alterations in serum of dis- 
eased states which affect plasma protein metabo- 
lism have been fully reviewed (40, 43-45). The 
diagnostic value of any type of electrophoretic 
analysis of serum is limited by the fact that gross 
alterations of serum proteins in diseased states 
commonly follow general rather than specific pat- 
terns. In only a few situations, as in agamma- 
globulinemia, can electrophoretic patterns be con- 
sidered of real diagnostic importance. The advan- 
tages of filter paper electrophoresis as compared 
with free electrophoresis are that it is simple, in- 
expensive, and requires very small amounts of 
protein. The technique is especially applicable to 
very opaque sera which often cannot be analyzed 
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by free electrophoresis. Our studies indicate that, 
for normal sera, results obtained with paper and 
free electrophoresis correspond well. The general 
protein disturbances in various pathologic condi- 
tions such as myeloma, portal and biliary cirrhosis, 
the nephrotic syndrome, and agammaglobulinemia 
are very Satisfactorily revealed by the paper tech- 
nique. 

Photometric analysis of the paper pattern is 
much quicker than the more tedious elution 
method, but it does not seem more accurate than 
the latter. In most cases, simple inspection of the 
paper strip will demonstrate clearly the nature of 
any significant serum protein abnormality present, 
without any necessity for time-consuming quanti- 
tation of the pattern. 


SUMMARY 


1. Methods for paper electrophoresis using the 
Grassmann-Hannig and Durrum apparatus are 
described. Analyses of normal and abnormal sera 
were made by photometric measure of the serum 
protein components on the dyed paper strip. 

2. Reproducibility of analysis is good, but does 
not quite meet the accuracy reported by others for 
free electrophoresis. 

3. Results with paper electrophoresis compare 
well with analyses of duplicate samples by the 
Tiselius method, except with certain abnormal 
sera, such as those of high lipid content. Reasons 
for discrepancies between the two methods are in- 
vestigated ; it is concluded that a correction factor 
for globulin values should not be used. 

4. Analyses of the serum protein changes in a 
wide variety of pathological states are presented, 
and the clinical usefulness of the procedure is dis- 
cussed. 
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Gamble, Ross, and Tisdall (1) originally pointed 
out that electrolytes and water were lost from the 
body during fasting in a manner which could be 
reasonably predicted from the concentration of 
salts in the body fluids. This concept is the basis 
for the study of changes in body composition by 
examination of electrolyte balance and weight 
changes. Darrow, Da Silva, and Stevenson (2) 
elaborated the method of calculation and showed 
that shifts of sodium between extracellular and in- 
tracellular fluid could be inferred in certain condi- 
tions from balance measurements. In this labora- 
tory, studies in both man and animals (3, 4) have 
frequently demonstrated losses or gains of sodium 
which cannot be reasonably explained on the basis 
of shifts so calculated. Two possible explanations 
are: (a) Unmeasured skin losses may lead to the 
calculation of erroneously large retentions, or (b) 
Electrolyte may be sequestered in the body in an 
osmotically inactive form quickly available to the 
body fluids. Flanagan, Davis, and Overman (5), 
studying both balances and composition of tissues 
in dogs with adrenal insufficiency, noted such dis- 
crepancies and suggested that bone might serve as a 
sodium reservoir. 

The early work of Gabriel (6) demonstrated the 
presence of substantial amounts of sodium in the 
chloride-free residue of bone extracted with alka- 
line glycol solutions. Harrison, Darrow, and Yan- 
net (7) showed that the ratio of sodium to chloride 
in the skeleton is greatly in excess of that found in 
a plasma ultrafiltrate, and defined this as “extra” 
bone sodium. Subsequent investigators have con- 
firmed these findings (8, 9), and Kaltreider, Me- 
neely, Allen, and Bale (8), Stern, Cole, Bass, and 
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Overman (10), and Edelman, James, and Moore 
(11), using radioactive isotopes, have shown that 
approximately 40 per cent of bone sodium is ex- 
changeable with circulating radiosodium within 
24 hours. 

The chemical relationships of sodium and po- 
tassium to the crystal lattice of bone are not surely 
known. Neuman and associates (12) consider 
bone to have the general formula of a multiple apa- 
tite, Ca, (PO,),:CaX,. Their experimental data 
indicate that, under physiologic conditions, CO, 
appears to be bound to the X positions of such a 
salt by a single bond—+.e., as bicarbonate. They 
point out, however, that CO, may actually be pres- 
ent as carbonate because of secondary ionization 
of such a complex: —Ca—O—C—O,—H+Na* 
(or K*)= —Ca—O—C-—O,—Na(K)+H*. Ex- 
perimental work by one of the authors (13) is in 
keeping with the concept of secondary ionization. 

One of the implications of this concept of the 
nature of the binding of sodium and potassium to 
the mineral portion of bone is that the crystal lat- 
tice may act as an ionic exchanging area capable of 
donating sodium ions to the body fluids in ex- 
change for hydrogen ions during periods of aci- 
dosis. Since skeletal sodium accounts for approxi- 
mately a third of the total body sodium (8-10), an 
investigation of its role in this regard seemed 
desirable. The experiments to be described here 
were undertaken to determine the effect of acidosis 
and of sodium deprivation on the relative quan- 
tities of sodium, potassium and calcium in bone. 


EXPERIMENTAL PROCEDURE 


Acute sodium depletion and acidosis were induced in 
albino rats (Lansing strain) by intraperitoneal dialysis 
against a solution containing 50 Gm. of glucose and 90 
mM. of ammonium chloride per liter. The amount in- 
jected intraperitoneally was 10 ml. per 100 Gm. of body 
weight. Four hours after injection as much peritoneal 
fluid as possible was withdrawn. The amount obtained 
usually exceeded that injected. The animals were then 
allowed water ad libitum but no food in order to pre- 
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vent access to exogenous base. After 48 hours the ani- 
mals were sacrificed. 

Chronic sodium deprivation was achieved by raising 
weanling rats on a synthetic sodium-free diet. The com- 
position of the control ration was that used by Cotlove, 
Holliday, Schwartz, and Wallace (14) ; the experimental 
animals were given the same diet with ammonium ion 
substituted for sodium in the salt supplement. All of the 
rats in this series received the complete diet for one 
week ; the experimental group was then given the sodium- 
free diet and the controls continued on the complete ration. 
After a two-week experimental period, all animals were 
sacrificed. 

At the time of sacrifice, blood was withdrawn from the 
aorta for serum analyses. All of the long bones of each 
animal were removed, freed of periosteum and epiphyses 
and weighed. 


CHEMICAL METHODS 


A. Bone: (1) Water was taken to be the difference 
between fresh wet weight and dry weight after 48 
hours at 105°C. The dried bone was ground in a mortar 
and the powder used for subsequent analyses. (2) Chlo- 
ride was determined in duplicate aliquots of dry powder 
by an adaptation of the method of Sunderman and Wil- 
liams (15) to semi-micro quantities. (3) Sodium and 
Potassium were measured using an internal standard 
flame photometer (16). The very high ratio of calcium 
to sodium in bone precludes accurate analysis of the so- 
dium even when the internal standard is used. Sodium 
must be quantitatively separated from calcium for analy- 
sis. One hundred to 200 mg. of dry bone powder was 
ashed in a platinum vessel at 550°C. The ash was dis- 
solved in 11 ml. of 10 per cent nitric acid and 5 ml. ali- 
quots were transferred to 40 ml. centrifuge tubes. Five 
ml. of 5 per cent oxalic acid and 10 ml. of water were 
added and the pH brought to 8-9 (bromthymol blue) by 
running in 3 to 4 ml. of concentrated NH,OH from a 
burette. Appreciable quantities of sodium co-precipitate 
with calcium under these conditions (17), so that repeated 
precipitations are required for separation. The tubes 
were allowed to stand overnight and, after centrifuga- 
tion, the supernatant fluid was transferred to a volu- 
metric flask. The precipitate was then re-dissolved in 
nitric acid and the process twice repeated. The super- 
natant fluids from all three precipitations were combined 
in the same volumetric flask, to which an appropriate 
quantity of lithium was added before flame photometry was 
carried out. This method, when applied to solutions con- 
taining weighed amounts of sodium, potassium, calcium, 
magnesium, and phosphorus in the proportions appropri- 
ate for bone ash, gave recovery values for sodium and 
potassium within 1 per cent of the known values. Analy- 
sis of multiple aliquots of bone powder indicated re- 
producibility within plus or minus 4 per cent. It was 
found necessary to use a reagent blank with each set of 
determinations, since the C.P. grade nitric acid and am- 
monium hydroxide used contained significant amounts of 
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sodium and potassium even when redistilled in Pyrex 
glassware. (4) Calcium was measured by permanga- 
nate titration of the precipitate left from the sodium and 
potassium analysis, after washing twice with 2 per cent 
ammonium hydroxide to remove excess oxalate (18). 
Accuracy and reproducibility were found to be within 1 
per cent. 

B. Serum: (1) Sodium and Potassium were measured 
with the flame photometer, using methods previously de- 
scribed in this laboratory (16). (2) Chlorides were 
done in duplicate by the iodometric method of Van Slyke 
and Hiller (19). (3) Serum pH was determined by the 
method of Hastings and Sendroy (20). (4) Total serum 
CO, was determined by the method of Van Slyke and 
Neill (21). 


CALCULATIONS 


Values for all constituents were expressed as mEq. per 
kilogram of fresh bone. Chloride was assumed to be 
extracellular. On this basis, bone water was divided 
into extracellular and intracellular compartments using 
Donnan-corrected serum chloride concentrations and total 
bone chloride values. Total bone sodium was then cor- 
rected by subtracting the amount of sodium calculated to 
be present in the extracellular phase. The remainder was 
regarded as “extra” bone sodium as originally defined 
by Harrison, Darrow, and Yannet (7). Intracellular 
water, as approximated above, was arbitrarily assigned 
a potassium concentration of 150 mEq. per liter. Total 
bone potassium was corrected for intracellular potassium 
thus estimated, and the remainder was taken to repre- 
sent “extra” potassium, analogous to “extra” sodium. 
The necessity for assuming rather than measuring the 
potassium concentration of bone marrow cell water is 
an admitted source of error. The small amount of mar- 
row available in the rat and the technical difficulty of 
securing sufficient material for analysis without evapora- 
tion dictated the compromise. 
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TABLE I 


Bone and serum electrolyte data, normal, acidotic and low sodium animals 








Group* 


Bone 





Na. mEq./Kg. 





Total 


Corr. Total Corr. 


K, mEq./Kg. 





pHs 
Ca Cl 38° 





Normal Adults 
(14 Rats) 
S.E. 


Acidotic Adults 
“a 


P 
Normal Juvenile 
(8 Rats) 
S.E. 
Acidotic Juvenile 
(6 Rats) 
S.E. 
Pe 


Weanling 
(3 Rats) 


Low Sodium 
Controls 
(7 Rats) 
S.E: 


Low Sodium 
(8 Rats) 
S.E. 
P 


206 


6.2 


154 
det 


154 
13 
91 

8 


173 43 30 
ay 


119 22 10 
Gr 1.9 
01 01 


54f 34t 


44t 27+ 


125 
13 
64 


8 
01 01 


mEq./ mEq./ 
Kg. Kg. 
8000 25 


313 


7800 


165 
6 


222 





*S.E. and P are calculated according to Fisher’s t test. 


+ Data for 4 rats only. 


t Numbers in parentheses indicate number of observations where this differs from number of rats in experimental 


group. 


RESULTS 


Normal values are shown in the table and in 
Figure 1. Sodium and potassium contents are 
corrected as explained above and are expressed as 
mEq. per kilogram of fresh wet bone; the ratio 
of each of these cations to calcium in mEq. is also 
shown. Harrison used the latter method of nota- 
tion to distinguish between changes in bone salt 
composition (22). The chart and tables show that 
bone sodium increases with increasing body size. 
The absolute increase in sodium (from 62 to 173 
mEq. per Kg.) is greater than the increase in the 
Na/Ca ratio (.0140 to .0220). This is to be ex- 
pected, since it is known (23) that the ash content 
of bone is greater in older animals. The change in 
ratio is consistent with previous demonstrations of 


change in bone salt composition with age (23, 24). 
The average corrected sodium content was 173 
mEq. per kilogram in aduit (333 Gm.) rats; in 
juvenile (103 Gm.) rats it was 108 mEq. per 
kilogram. Corresponding potassium values were 
30 and 34 mEq. per kilogram. 

The results of dialysis against ammonium chlo- 
ride are shown in Table I and illustrated in Fig- 
ures 2and 3. This procedure produced a moderate 
degree of acidosis as evidenced by significant de- 
creases in serum pH and total carbon dioxide in 
the adult-sized animals, Determination of the se- 
rum acid-base pattern of the smaller animals is 
technically difficult and no data are available to 
document acidosis in the juvenile group. Analysis 
of the dialysate after withdrawal indicated that ap- 
proximately 15 mEq. of sodium per kilogram of 
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body weight were removed from the body by this 
procedure. The average value for total body so- 
dium in the rat is 60 mEq. per kilogram of fat free 
weight (25). In the juvenile group the procedure 
resulted in the loss of 21 mEq. of sodium and 7 
mEq. of potassium per kilogram of bone; a pro- 
portionate loss of calcium occurred and there was 
no significant change in the ratio of either cation 


to calcium. In the adult group there was a loss 
of 54 mEq. of sodium and 20 mEq. of potassium 
per kilogram of bone. The change in calcium (200 
mEq. or 2.5 per cent) was not significant. The 
Na/Ca ratio decreased from .022 to .015; K/Ca 
from .003 to .001. The reason for the difference 
in reaction of the two groups of animals is not 
apparent. It has been found that shaft bone sam- 
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ples from young animals have a much more rapid 
turnover of calcium and phosphorus than corre- 
sponding samples from mature animals (12). 
This suggests that the proportion of bone salt ac- 
cessible as a source of base may be greater in 
young animals than in older ones. 

The last two groups of animals shown in Table 
I indicate the effect of chronic dietary sodium ion 
deprivation on the composition of the bone of 
rapidly growing animals. The concentration of 
calcium in the bones of the control and low sodium 
group are equal indicating little interference with 
the deposition of this ion. The concentration of 
sodium is 50 per cent lower in the experimental 
group than in the controls. An even greater 
change in the concentration of potassium is evi- 
dent. The decrease in concentration of potassium 
in the face of an adequate dietary intake is ex- 
plained by the fact that diets low in sodium, if they 
are normal in respect to other ions, contain inade- 
quate quantities of cation to enable full renal regu- 
lation of acid-base balance. The effects of a low 
sodium ion diet cannot, therefore, be differentiated 
from those of fixed anion excess. 


DISCUSSION 


Rapid changes in the chemical composition of 
bone are known to occur during metabolic disturb- 
ances. In 1933, Irving and Chute (26) found 
that bone lost substantial amounts of carbonate in 
rats and guinea pigs undergoing acute acid loads. 
After four days of oral HCl administration, their 
experimental animals showed a decrease in bone 
carbonate of 7 mEq. per kilogram of body weight, 
which is equivalent to approximately 70 mEq. per 
kilogram of bone, since fresh skeletal weight is 
equal to 10 per cent of body weight in the rat (27). 
Brooke, Smith, and Smith (28) showed a low salt 
content in the bones of rats fed on a diet poor in 
inorganic constituents and noted that the calcium 
lost on the salt-poor ration “. . . is provided to a 
greater extent from the carbonate of bone than 
from phosphate.” More recently, Sobel, Rocken- 
macher, and Kramer (29) found that the calcium 
to carbonate ratio of bone ash could be changed in 
rats by altering the serum phosphorus to carbonate 
ratio. 

In 1934, Orent, Kruse, and McCollum (30) 
studied changes in bone and serum magnesium in 
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weanling rats raised on a magnesium deficient diet. 
They observed acute lowering of bone magnesium 
and elevation of serum magnesium when convul- 
sions were induced in the deficient animals. Duck- 
worth and Godden (31) later concluded that the 
skeleton constitutes the main magnesium reserve 
of the body and that skeletal magnesium is highly 
labile. They found that magnesium was more 
readily mobilized in animals which were deficient 
in calcium as well as magnesium, and stated that 
the availability of skeletal magnesium was inversely 
proportional to the rate of bone growth. 

These observations indicate that the composi- 
tion of bone salt is not fixed, but reflects the state 
of chemical equilibrium in the body. Severe dis- 
turbances in acid-base balance or in the supply of 
certain electrolytes are reflected in altered bone 
salt composition. Hence, it is not surprising that 
significant amounts of sodium and potassium should 
be mobilized from the skeleton under appropriate 
circumstances. The earlier investigations men- 
tioned above show that such mobilization may oc- 
cur without general dissolution of the crystal lat- 
tice, i.c., that it may be selective. This is confirmed 
by the results of the present study, which indicate 
altogether disproportionate changes in sodium and 
calcium. 

The magnitude of the changes observed may be 
illustrated by reference to the 70 kilogram man. 
Skeletal weight in this individual would approxi- 
mate 12 kilograms, according to the data of Shohl 
(32). A loss of 54 mEq. per kilogram from bone 
could, therefore, contribute 648 mEq. of sodium 
to the body fluids—the equivalent of more than 4 
liters of extracellular fluid. This amount of fixed 
base could combine with nearly 6.5 liters of 0.1 
normal anion. A similar calculation for potassium 
would give 122 mEq., equivalent to 800 ml. of in- 
tracellular water. 

The lability of bone sodium observed in these ex- 
periments is relevant to the interpretation of elec- 
trolyte balance data. It is evident that sodium 
balances cannot always be considered only in terms 
of extracellular and intracellular water, since sub- 
stantial amounts of excreted sodium may repre- 
sent skeletal contributions. The data suggest 
that bone also participates in potassium exchange, 
though to a lesser degree. Whether either of these 
cations can be sequestered in bone to a significant 
extent during the administration of sodium and po- 
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tassium salts is not yet known, though the possi- 
bility is apparent. 


SUMMARY AND CONCLUSIONS 


1. Average normal rat bone contains 152 mEq. 
of sodium and 26 mEq. of potassium per kilogram 
of fresh bone in excess of the amounts accounted 
for by extra- and intracellular fluid. 

2. Rats depleted of sodium and made acidotic 
by intraperitoneal dialysis against ammonium chlo- 
ride showed, within 48 hours, a decrease of bone 
sodium amounting to 42 mEq. per kilogram of 
bone and a decrease in potassium of 11 mEq. per 
kilogram. Changes in calcium were not propor- 
tionately large. 

3. Rats raised on a synthetic sodium-free diet 
had bone sodium values 61 mEq. per kilogram be- 
iow those of controls. 

4. No obligatory ratio of either sodium or po- 
tassium to calcium was observed. 
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This study is concerned with an evaluation of 
the nature and magnitude of the variability of the 
serum cholesterol and certain classes of serum 
lipoproteins in adult men. The immediate objec- 
tives of the experiments described were three: (1) 
to study the relation of age and mean serum level 
to the day-to-day variation in serum lipid levels, 
(2) to characterize the magnitude and origin of 
the variability encountered, and (3) to define the 
number of samples which must be analyzed to yield 
reliable values. 

Despite the abundance of cholesterol in human 
blood and the many discussions about its signifi- 
cance, descriptions of “normal” levels have been 
diffuse and often inconsistent. There has been 
no agreement upon the extent of individual vari- 
ability with time nor variability in different physio- 
logical states. The lack of uniformity in results 
can be attributed in part to the technical variability 
or nonspecificity of the difficult analytical methods. 
It may also reflect a lability of biological control. 

The nature of variability in relation to serum and 
tissue cholesterol as well as to the other lipids 
measured by chemical methods has been discussed 
extensively by Bloor (1) and more specifically by 
Bang (2). The influence of meals and the exist- 
ence of a diurnal variation of serum cholesterol 
have been reported by McClure and Huntsinger 
(3), Bruger and Somach (4), and Boyd (5) 
among others. 


1 The laboratory analyses reported in this paper were 
performed in the Department of Nutrition at the Harvard 
University School of Public Health and were supported 
in part by grants in aid from the National Heart Institute, 
National Institutes of Health, Bethesda; the Nutrition 
Foundation, New York; the J. M. Kaplan Fund, New 
York; and the American Meat Institute, Chicago. 


Turner and Steiner (6), using the method of 
Bloor, Pelkan, and Allen, have reported on varia- 
tion in total serum cholesterol measured at weekly 
intervals in ten patients at four periods during 63 
weeks of investigation. They noted that the maxi- 
mum per cent deviation of any single total choles- 
terol determination from an individual’s mean for 
all values ranged from four per cent (mean 276 
mg. per cent) to 15 per cent (mean 280 mg. per 
cent). The maximum deviation was less than ten 
per cent in six cases (average of individual means 
283 mg. per cent). Steiner and Domanski (7), 
using the same technique, later reported a mean 
standard deviation of 8.7 mg. per cent in 15 normals 
with a mean total cholesterol level of 254 mg. per 
cent and a mean standard deviation of 24.8 mg. 
per cent in 15 patients with coronary atherosclero- 
sis with a mean level of 355 mg. per cent. Both 
groups were studied regularly over a two year pe- 
riod. Man and Gildea (8) studied ten young sub- 
jects for periods of three to 48 months and found 
that the range of total cholesterol for individuals 
varied from one per cent (mean 237 mg. per cent) 
to 31 per cent (mean 213 mg. per cent) of the 
mean. Man and Peters (9) reexamined 16 of the 
same subjects 10 to 20 years later and presented 
expanded data describing the variability of cho- 
lesterol within individuals on six subjects from the 
original group which revealed coefficients of varia- 
tion ranging from 4.9 to 9.9 per cent. Sperry 
(10) studied 25 young subjects for periods of 28 
months and found in 17 cases a variation from the 
mean of 6.2 per cent or less with a maximum varia- 
tion of 12.3 per cent. He reported an average of 
the individual standard deviations of 12.1 mg. per 
cent. He concluded that an individual has a char- 
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acteristic level from which large deviations do not 
occur. 

Schube (11) studied the variations of blood cho- 
lesterol of ten male subjects 18 to 35 years of age 
whose levels were measured in duplicate at weekly 
intervals over a period of 16 weeks by a modifica- 
tion of the Myers-Wordell procedure applied to 
whole blood. He found the greatest week to week 
change in an individual to be 73 mg. per cent 
(mean 143 mg. per cent) and the maximum de- 
viations from the means of individuals to range 
from 19 (mean 132 mg. per cent) to 47 (mean 
143 mg. per cent) mg. per cent. 

The individual variability of serum lipoproteins 
has not been described in detail. Gofman and his 
associates (12) refer to this with the statement 
that two measurements 2 to 90 days apart in ap- 
proximately 65 irdividuals revealed “that on a 
constant diet, a single individual shows a reason- 
ably stable level of concentration of such mole- 
cules, whether the concentration is low or high.” 
They justify the adequacy of a single sample drawn 
at any time of day in this manner. 

In another discussion, “standard errors” for the 
45 mg. per cent level of Sf 12-20 molecules and for 
the 243 mg. per cent level of cholesterol were pre- 
sented by the same workers (13). These values 
were respectively + 10 mg. per cent and + 22 mg. 
per cent for “biologic variation” and + 14 mg. per 
cent and + 26 mg. per cent for “over-all variation.” 
They derived these values from estimates of “the 
standard deviation of distribution of levels” among 
273 “normal” males and from “coefficients of re- 
liability” based on two determinations in an un- 
disclosed number of individuals whose blood was 
sampled under conditions and at intervals which 
were not described. They conclude that a single 
measurement will place the average individual 
within + 14 mg. per cent for Sf 12-20 molecules 
and within + 26 mg. per cent for cholesterol of 
the “true” levels two-thirds of the time. Gofman 
and his associates (14) subsequently presented 
values differing only slightly arrived at by a simi- 
lar technique. 

A detailed study of spontaneous and induced 
variation of serum cholesterol and certain classes 
of lipoproteins during short time intervals (hours) 
has been made (15). It was observed that spon- 
taneous variability within an individual was in part 
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dependent upon the level of the particular lipid. 
Variability at high lipid levels exceeded that of 
subjects with low levels. In certain individuals, 
a large biological variation (i.e., exceeding techni- 
cal variations) was observed between successive 
bleedings. 

For the present studies, a group of adult Ameri- 
can males consuming a self-selected diet in habitual 
amounts and living in a free but medically ob- 
served environment to which the subjects were 
well adjusted was sought. The subjects studied 
have approached these requirements in most re- 
spects. 


EXPERIMENTAL PLAN 


Three successive studies have been carried out over a 
period of 13 months. The subjects were, for the most 
part, groups of adult and of elderly men who were for 
purposes of this investigation housed in the Hospital for 
Chronic Illness of the Baltimore City Hospitals. These 
men were indigent public wards and were not institution- 
alized primarily because of the presence of disease. In 
study I, a supplementary group of six adult males, all 
staff members of the Department of Nutrition at the 
Harvard University School of Public Health, were stud- 
ied simultaneously in Boston. 

Subjects were excluded who demonstrated prior to the 
start of the studies diabetes mellitus, definite hepatic in- 
sufficiency, the nephrotic sys: rome, any known disease 
of lipid metabolism, hypo- or hyperthyroidism, known 
malignant disease, an acute infection within two weeks, 
severe anemia, marked emaciation, marked obesity, active 
syphilis, active tuberculosis, a surgical procedure within 
60 days, hormone or radiation therapy within 60 days, or 
any anticoagulant therapy with heparin within 60 days. 
No effort was made to select or reject patients on the 
basis of atherosclerosis on the grounds that available 
techniques are inadequate to give more than a very gross 
estimate of the extent of atheromatous disease. With the 
exceptions noted in study I, blood was drawn from each 
subject twice weekly on Monday and Thursday for pe- 
riods of ten weeks. 

In Study I, laboratory measurements were not carried 
out in duplicate. Both the length of the study period and 
the frequency of blood samplings varied among the dif- 
ferent individuals. In addition, 6 of the 22 subjects were 
at work in Boston, not institutionalized in Baltimore. 
Because of these variables, the data in study I will be 
considered separately. The second and third studies were 
planned to eliminate these imperfections and the data 
obtained have been pooled for the present evaluation. 
Studies II and III were carried out from March to August 
of 1952. 

In the first study, approximately equal numbers of sub- 
jects in the age categories 26 to 41, 47 to 58, 63 to 76, and 
80 to 92 years were used. In the second and third studies, 
the age categories of subjects were 47 to 59, 61 to 69, 
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TABLE 1 * 
Composition and constancy of diet as presented and as actually consumed 








Protein 


Fat Carbohydrate Calories 





Gm. 
82 +3 
60 +3 


5.7 + 0.7 


Menu analyses 

Consumption measurements 
(12-3 d. periods) 

Average S.E. of consumption 
(within individuals) 


Gm. Gm. 
95 +2 262 + 6 
66 +5 217 +15 


6.3 + 0.8 18.84 1.5 


2236 + 40 
1700 + 113 


764 17 





* The top line shows mean values and standard errors for the components of 28 daily menus. 


The middle line 


shows the means and standard errors of the averages for daily consumption during each of twelve three-day periods. 
The bottom line shows the averages of twelve standard errors of the mean each of which was computed for one of twelve 


three-day periods. 


73 to 79, and 80 to 92 years. An attempt was made to in- 
clude a range of Sf 12-20 lipoprotein values in each age 
category. In studies I and II a selection for lipoprotein 
level was attempted by using a single determination of 
total cholesterol as performed in the Baltimore City Hos- 
pitals clinical laboratcry by the Bloor technique (modi- 
fied) as the sole indicator. In study III, selection for 
lipoprotein level was based on a single preliminary Sf 
12-20 measurement. 

Diets. Except for the young adults included in study 
I, the subjects were confined throughout each study to 
the hospital wards. They were fed the standard diet pro- 
vided by the hospital kitchen. 

The composition of the diet as presented to the sub- 
jects was determined by calculation using food tables 
of 28 daily menus selected at random during the five- 
month period of studies II and III. Results of the analy- 
sis appear in Table I. Inspection of the standard errors 
indicates the diet to be remarkably constant from day to 
day. 

During twelve three-day periods in nine subjects, the 
food actually consumed from the diet presented was re- 
corded and its composition estimated using food tables. 
For each of the twelve three-day periods a mean daily 
consumption and the standard error of this mean were 
computed. The average of the mean intakes and the av- 
erage of the standard errors for all twelve periods appear 
in Table I. These values indicate that the average sub- 
ject did not consume all of the food presented him but 
that actual food consumption within individual subjects 
varied little from day to day. 

Laboratory. The blood samples were drawn prior to 
breakfast and at least 14 hours after the last meal. The 
clotted blood was allowed to retract at room temperature 
for two and one-half hours. The clots were ringed with 
clean glass stirring rods and the tubes centrifuged for 
15 minutes at 2000 rpm. 

After the serum was separated, an aliquot of six ml. 
was placed in a randomly numbered screw top vial, 
packed in an ice-filled Dewar flask, and immediately 
shipped to Boston by air for analysis. During studies II 
and III, the serum obtained was divided into two six 
ml. aliquots, each aliquot was given a randomly selected 
code number, and the individual aliquots sent to the Bos- 


ton Laboratory ostensibly as separate sera. The analyti- 
cal results corresponding to each code number were re- 
turned to Baltimore for decoding. This technique per- 
mitted a truly unbiased estimate of technical error. 

The total cholesterol content of serum was measured 
by the method of Abell, Levy, Brodie, and Kendall (16). 
Recrystallized cholesterol, with a melting point of 147 to 
149° C., was used as a standard reference material meas- 
ured with the samples processed each day. The serum 
lipoproteins of the Sf 12-20, Sf 21-35 and Sf 35-100 
classes were measured by the technique of Gofman and 
his associates (17). No feasible reference substance was 
at hand for standardization of this procedure. During the 
course of this work, duplicate aliquots of ten serum sam- 
ples were exchanged between the four laboratories of the 
Cooperative Study of Lipoproteins and Atherosclerosis 
at approximately monthly intervals. These data revealed 
no major deviations of either the cholesterol or lipoprotein 
methods used in the present study. Instrument calibra- 
tion with a standard reference cell further minimized the 
likelihood of the existence of a technical drift in the 
lipoprotein measurement during the study. 


ANALYSIS OF DATA 


After decoding, the data were tabulated and the 
mean level and standard deviation of the distribu- 
tion calculated for each lipoprotein fraction and 


for the total cholesterol for each subject. The 
means (X) and standard deviations (Sy) were 
computed from single analyses for 22 subjects in 
study I and 13 subjects in study III and from the 
average values of duplicate pairs in 33 subjects on 
whom these were available in studies II and III.? 


2 Treatment of missing data: In those few instances 
where one value of a duplicate pair was missing (labora- 
tory accident, breakage in transit, etc.) the missing mem- 
ber was considered equal to the remaining member of the 
pair in computation of Sr. Estimates of Ss were com- 
puted in these instances using n—1 rather than n pairs, 
since no value for the difference between duplicates could 
be assumed in the absence of one member of a pair. 
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Exclusion of Data: In the 35 subjects on whom only 
single measurements were made, means and standard de- 
viations were computed using all available data. No 
datum was discarded even though it could reasonably be 
expected to be an outlier. 

No lipoprotein data were excluded because of missing 
cholesterol data. Five lipoprotein values were excluded 
because of recorded technical errors in preparative cen- 
trifugation and photographic records of errors in ultra- 
centrifugation. Since it was possible to exclude outliers 
among lipoprotein values on the basis of these records, it 
was not considered advisable to process further for out- 
liers. In the case of cholesterol measurements no such 
permanent records were available, so that testing for out- 
liers among values obtained in duplicate was done statisti- 
cally using the extreme deviate test (18). 

In this latter group a difference between duplicate cho- 
lesterol determinations which was demonstrated to be an 
outlier at the one per cent level of significance resulted in 
both members of that duplicate pair being discarded, even 
though one of the values may have agreed well with other 
data on the individual under consideration. There were 
19 pairs of cholesterol observations so discarded out of a 
total of more than 600. No other cholesterol data were 


discarded even in the absence of lipoprotein data for a 
given sample. 


The variance among duplicates (S_g”) was com- 
puted from duplicate measurements for each of 
these 33 subjects and was used for adjusting the 
individual’s total variance. In this way an esti- 
mate of residual or what we shall call “biologic 
variation” (Sg) was obtained. The computation 
for this adjustment was performed according to 
the formula: 


nSs? = nS, — y, nS’? 


For the 35 subjects in studies I and III on whom 
measurements in duplicate were not available, a 
Sp” used in correcting these individuals’ total 
variance for technical error was arrived at by us- 
ing the pooled variances among duplicates on those 
subjects having mean levels of the lipid fraction 
measured within ten per cent of the level to be 
corrected. To facilitate this correction, charts 


TABLE II 
Study I: Data for individuals and age groups 








Beta lipoproteins Total cholesterol 
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* Average of all values within an age group. 


t Standard error of the mean of all values within an age group. 
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TABLE III 
Studies II and III: Data for individuals and age groups 
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Beta lipoproteins 


Total cholesterol 
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* Values derived from duplicate determinations. 
t Average of all values within an age group. 


t Standard error of the mean of all values within an age group. 


relating the variance among duplicates to mean 
levels for each of the four lipid components were 
constructed. The correction was then performed 
in each of these 35 subjects according to the 
formula : 

nSp’” = nS? = nS,” 


Regression equations were computed relating 
the standard error among duplicate analyses (Sg) 


to mean level, over-all variability (S;) to mean 
level, and biological variation (Sg) to mean level. 
Correlation coefficients were computed relating 
mean cholesterol levels to mean levels of Sf 12-20, 
Sf 21-35, Sf 35-100 molecules and to the sums of 
these mean levels (Sf 12-100). 

The data obtained during study I appear in 
Table II. The mean values for individuals as well 
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as for groups of individuals for the age categories 
described above are shown along with measures 
of the variability including the biological variability 
(Sg) computed according to the procedures de- 
scribed. Similar data for studies II and III are 
shown in Table ITI. 

Since subjects were selected for study to pro- 
vide among other things a wide range of lipopro- 
tein levels in each age group, sampling was not 
strictly random. Thus in order properly to com- 
pare the Sy (and Sg) among age groups some sort 
of adjustment for lack of randomness in sampling 
levels was necessary. This adjustment was made 
for studies II and III combined by the statistical 
technique known as the analysis of covariance. 
This involves verifying that the regressions of Sr 
(and Sg) on level have the same slope in each age 
group; if such is the case, it is then possible to 
make a regression adjustment for each value of 
Sy (and Sp) before testing age group averages for 
homogeneity. The results of the preliminary 
analysis implied that all within-age regressions for 
studies II and III had substantially the same slope. 

The analysis of covariance was not performed 
for study I because of the various defects of that 


study previously described. Consequently the re- 
gression equations and statistical tests for study I 


should be viewed with some reservations. It is, 
however, interesting to note that at least in terms 
of absolute differences between pairs of slopes and 
intercepts, the two sets of regression equations are 
much the same. 

Analysis of adjusted age group differences 
showed a statistically significant agewise differ- 
ence in variability (P = .05) only in the case of 
the Sf 21-35 fraction. However, in this last case, 


TABLE IV 


Regression analysis of Sr on & for various lipoproteins 
and total cholesterol 








Study Lipid 

I S12- 20 Sr 
S,21- 35 Sr = 1.52 + .181x 
$135-100 Sr = 5.21 + .225x 

Total Cholesterol Not Significant 


S12- 20 Sr = 2.00 + .116x 

S;21- 35 Sr = 1.48 + .142x 

S135-100 Sr = 2.86 + .196x 
Total Cholesterol Not Significant 


Regression* 


2.19 + .147% 





II &Ill 46 
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TABLE V 


Regression analysis of Sp on & for various lipoproteins 
and total cholesterol 








Lipid 


S;12- 20 

S,21- 35 

$:35-100 
Total Cholesterolt 


S:12- 20 

S;21- 35 

$:35-100 
Total Cholesterol 


Regression* 


0.24 + .157x 
0.36 + .202x 
3.57 + .228% 





II& III 46 .128x 
-146x 


.204x 





* Slopes significant, p < .001. 

t Since in 8 of the 22 cases the total variance for choles- 
terol was less than technical variance, computation of 
regression was not attempted. 


since computation showed a difference of approxi- 
mately one mg. per cent between the upper two 
and lower two age groups, there seemed, as a prac- 
tical matter, little point in supplying separate re- 
gressions for each age class. 

As a consequence of the analysis described 
above, it was considered justifiable to compute 
over-all regression lines of Sy (and Sg) on level 
for the various measures considered. For all of 
the lipoproteins, the regression slopes were sig- 
nificant at the .001 level. A significant regression 
of Sy (and Sg) on mean level of total cholesterol 
could not be demonstrated. (Tables IV and V). 

A highly significant regression was demonstrated 
between the standard errors among duplicates and 
the mean levels of both the lipoprotein fractions 
and the total cholesterol in the 33 subjects from 
studies II and III on whom duplicate analyses were 
available (Table VI). Regression equations indi- 
cate that the standard error among duplicates in- 
creases about 0.06 mg. per cent for each mg. per 
cent increment in mean level for all the lipoprotein 
fractions and about 0.08 mg. per cent for each mg. 
per cent increment in total cholesterol. 

The subjects were selected both for age and 


TABLE VI 


Regression analysis of Sz on & of lipoproteins and 
total cholesterol (n = 33) 








Lipid 


S-12- 20 Se 
S;21- 35 Sz 
S35-100 Sz 
Cholesterol Sz 


Regression* 


2.35 + .052x 
1.23 + .065x 
3.45 + .061x 
—2.81 + .079% 








* Slopes significant, p < .001. 


* Slopes significant, p < .001. 





880 


serum lipid levels according to the several pro- 
cedures described above. It was observed that the 
single determination of serum cholesterol on each 
subject performed in the clinical laboratory of the 
Baltimore City Hospitals was significantly corre- 
lated with the mean total cholesterol level of that 
individual for the entire study but this single cho- 
lesterol measurement did not successfully predict 
the mean level of the lipoprotein classes. The ini- 
tial Sf 12-20 measurement effectively predicted 
the mean level of Sf 12-20 and Sf 21-35 but not 
Sf 35-100. 

An examination of the relations between mean 
levels of total cholesterol and mean levels of vari- 
ous lipoproteins revealed no correlations signifi- 
cantly greater than zero in study I and a correla- 
tion significantly greater than zero only in the 
case of Sf 12-20 molecules in studies II and III. 


DISCUSSION 


These investigations provide information about 
several kinds of variability for three classes of beta 
lipoproteins and of total cholesterol among indi- 
viduals who were living in a controlled environ- 
ment with no appreciable variation in activity and 


diet from day-to-day. Their failure to demonstrate 
significant differences in variability among various 
age groups implies that the homeostatic mecha- 
nisms for these serum lipids may not undergo al- 
teration with age. While variability could not be 
related to age directly it is apparent that the char- 
acteristic increase of lipid levels with age to a 
maximum in the sixth decade (13, 19) would in- 
directly lead to some change in variability with age. 
Since subjects were selected for these studies to 
provide a similar range of Sf 12-20 levels in each 
age category, the usual age trends in level were not 
observed. 

These studies indicate that technical error (Sg) 
and biologic variability (Sg) (and consequently 
over-all variability (Sy) ) increase with the mean 
level among individuals. Inspection of available 
clinical information obtained during the ten-week 
period of these studies revealed no explanation for 
the origin of this biologic variability. Changes in 
body weight (trivial in this situation), changes in 
environmental temperature, intercurrent upper 
respiratory infections, and differences among indi- 
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viduals in physical activity were among the influ- 
ences considered. 

In addition to these net variations of serum 
lipid quantities within an individual over a 10- 
week: period, another aspect of this variation de- 
serves comment. This is the tendency of some 
individuals to show trends of change, either uni- 
directional or at times suggesting a periodic phe- 
nomenon. Such variations are obscured by the 
condensation of individuals’ data into means and 
measures of range of single measurements. An 
example of this variation is shown in Figure 1. 
Attempts have been made to reduce these phe- 
nomena to some order by the application of one 
or another of the available statistical techniques 
for dealing with nonrandom changes. When tests 
for serial correlation (20) between successive 
bleedings were applied to the Sf 12-20 data of 46 
subjects for whom complete sets of data for the 
10-week study periods were available, there were 
five subjects with serial correlation coefficients 
significantly different from zero at the five per cent 
or less level of probability. This frequency (or a 
greater frequency) of significant coefficients is of 
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small enough probability (p = 0.08) to suggest 
that there may be real trends in certain individuals. 
These are not now explicable but their existence 
must be recognized as indeed it must be in any 
body of serial biologic observations. The hazard 
which their presence lends to the interpretation of 
either diagnostic or therapeutic studies and for that 
matter any statistical analysis must be appreciated. 

From a practical standpoint the data acquired 
in this investigation provide quantitative informa- 
tion on the magnitude, at any given serum level, 
of the overall variation, the technical error and 
the biological variability of the lipids studied. It is 
implicit in the regressions of Sz, Sg, and Sg on 
mean lipoprotein levels that high levels are sub- 
ject to greater fluctuation than low. From this 
it may be inferred that caution should be exer- 
cised in interpretations of diagnostic, prognostic 
or therapeutic importance based on values obtained 
from single or a limited number of blood samples 
from a given individual, especially when these 
values are elevated. With respect to total cho- 
lesterol, it is of interest that Sg increases with level 
but that Sz and Ss do not. 

The data also permit estimation of the number 
of samples (n) required to yield an average level 
of any desired probability within any specified 
distance (d) of the true mean. This is accom- 
plished by determining n from the relation 
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n= art where Sr is the standard deviation ob- 
tained from the regression of Sp on X and t is the 
standardized normal deviate exceeded in absolute 
value any desired percentage of the time. Sample 
sizes (n) from a given individual required for a 
67 per cent probability (t.,,) that the average 
level will be within a distance (d) of the true 
mean are tabulated for three classes of lipoproteins 
and for total cholesterol in Table VII. Inspection 
of the 50 mg. per cent level for Sf 12-20 mole- 
cules indicates a single sample adequate to insure 
a value within ten mg. per cent of the true mean 67 
per cent of the time. A sample size of three would 
insure a value within five mg. per cent of the 
mean 67 per cent of the time. Inspection of the 
table for cholesterol, where S~ is essentially the 
same for all levels, indicates a single sample ade- 
quate to insure a value within 15 mg. per cent of 
the true mean 67 per cent of the time. A sample 
size of two would insure a value within ten mg. 
per cent of the true mean 67 per cent of the time. 
These examples assume that the values for Sg are 
comparable to those observed in this laboratory 
and that our estimate of Sg is a reasonable ap- 
proximation of the true standard deviation of dis- 
tribution of the measure involved. 

Levels of 50 mg. per cent for Sf 12-20 mole- 
cules and 250 mg. per cent for total cholesterol may 
be thought of as levels roughly separating the 


TABLE VII 


Number of samples (n) required for 67 per cent probability that the observed average level will fall 
within the distance (d) of the true level 
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normal from the abnormal (14, 19). This sepa- 
ration is most frequently attempted in the fourth, 
fifth, and sixth decades of age when the level and 
variability of the individual tested are near their 
maximum. 

To obtain an indication of the accuracy with 
which a single measurement (Sf 12-20, choles- 
terol, etc.) can be placed on the continuum of 
measurements of individuals, an index formed 
from the ratio of Sp to Sq (the standard deviation 
of distribution of measurements of individuals) 
may be used. For an estimate of Sa, the standard 
deviation of distribution of measures for all 68 
subjects has been used. Because of the selection 
of these individuals to maximize spread of the 
measures, Sa is probably an overestimate of oa 
(universe value), thus underestimating the ratio 
The value of the index of precision for 
Sf 12-20 molecules at the 50 mg. per cent level 
is .47 (7.80/16.70) ; for cholesterol at the 250 mg. 
per cent level, 32 (13/40.25). This implies that 
a single sampling of Sf 12-20 will locate an indi- 
vidual within .47 of a Sq 67 per cent of the time; 
of cholesterol, within .32 of a Sa 67 per cent of the 
time. Thus cholesterol appears a slightly more ac- 
curate measure of “true” cholesterol level than Sf 
12-20 is of “true” Sf 12-20 level. From this the 
inference may be drawn that interpretations based 
on single samples of Sf 12-20 should be slightly 
more cautious than these based on a single sample 
of cholesterol. 

There is no indication from these studies that a 
positive correlation exists between total cholesterol 
level and the levels of any or all of the lipoprotein 
molecules measured. This may be due to bias in 
the sampling (selection for level) or may re- 
flect an inadequate sample size for showing sig- 
nificant correlation (especially if the correlation 
is low). 


OT /4. 


SUMMARY 


The nature of the variability of the serum cho- 
lesterol and certain classes of beta lipoproteins has 
been studied in 68 adult males. The subjects were 
for the most part institutionalized for indigence 
not sickness and were living under known condi- 
tions of diet and activity. They were selected to 
represent a variety of ages and serum lipid levels. 

These studies indicate the magnitude of over- 
all variability, of technical error and of biologic 
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variability for three classes of lipoproteins and for 
total cholesterol. They fail to demonstrate any 
change in variability related directly to the age 
of the subject but they do indicate a rise in tech- 
nical error with mean level for all fractions, includ- 
ing cholesterol, and a linear relationship of the 
total and biologic variation to the mean level for 
lipoproteins. They provide data from which an 
estimate of sample size necessary to provide an 
average level of any desired probability within any 
specified distance of the true mean may be obtained. 
Certain limitations of single measurements of these 
serum quantities are pointed out, in particular, 
single measurements of Sf 12-20 lipoproteins at 
levels above 50 mg. per cent must be interpreted 
with caution. 


ACKNOWLEDGMENTS 


We appreciate the valuable suggestions of Drs. Nathan 
W. Shock, Milton Landowne, Felix Moore and Frederick 
J. Stare in the interpretation of data and the preparation 
of the manuscript. 

We are grateful to Mrs. Elsie S. Beard for numerous 
computations; to Mr. Donald W. MacLean, ultracentri- 
fuge engineer; and to Miss Rita M. O’Connell for film 
reading and computations. 


REFERENCES 


. Bloor, W. R., Biochemistry of the Fatty Acids and 
Their Compounds, the Lipids, N. Y., Reinhold 
Publishing Corporation, 1943, American Chemical 
Society Monograph Series No. 93. 

. Bang, L., Uber Lipamie I. Biochem. Ztschr., 1918, 90, 
383. 

. McClure, C. W., and Huntsinger, M. E., Studies in 
fat metabolism. I. The influence on blood lipids of 
single foodstuffs. J. Biol. Chem., 1928, 76, 1. 

. Bruger, M., and Somach, I., The diurnal variations 
of the cholesterol content of the blood. J. Biol. 
Chem., 1932, 97, 23. 

. Boyd, E. M., Diurnal variations in plasma lipids. J. 
Biol. Chem., 1935, 110, 61. 

. Turner, K. B., and Steiner, A., A long term study of 
the variation of serum cholesterol in man. J. Clin. 
Invest., 1939, 18, 45. 

. Steiner, A., and Domanski, B., Serum cholesterol 
levels in coronary arteriosclerosis. Arch. Int. Med., 
1943, 71, 397. 

. Man, E. B., and Gildea, E. F., Variations in lipemia 
of normal subjects. J. Biol. Chem., 1937, 119, 769. 

. Man, E. B., and Peters, J. P., Variations of serum 
lipids with age. J. Lab. & Clin. Med., 1953, 41, 738. 

. Sperry, W. M., The concentration of total cholesterol 
in the blood serum. J. Biol. Chem., 1937, 117, 
391. 








BETA LIPCPROTEIN AND TOTAL CHOLESTEROL VARIABILITY 


11. Schube, P. G., Variations in the blood cholesterol of 


man over a time period. J. Lab. & Clin. Med, 
1936, 22, 280. 

12. Gofman, J. W., Jones, H. B., Lindgren, F. T., Lyon, 
T. P., Elliott, H. A., and Strisower, B., Blood 
lipids and human atherosclerosis. Circulation, 
1950, 2, 161. 

13. Jones, H. B., Gofman, J. W., Lindgren, F. T., Lyon, 
T. P., Graham, D. M., Strisower, B., and Nichols, 
A. V., Lipoproteins in atherosclerosis. Am. J. 
Med., 1951, 11, 358. 

14. Gofman, J. W., Jones, H. B., Lyon, T. P., Lindgren, 
F., Strisower, B., Colman, D., and Herring, V., 
Blood lipids and human atherosclerosis. Circula- 
tion, 1952, 5, 119. 

15. Chandler, H. L., Lawry, E. A., Potee, K. A., and 
Mann, G. V., Spontaneous and induced variations 
in serum lipoproteins. Circulation, 1953, 2, 723. 


883 


16. Abell, L. L., Levy, B. B., Brodie, B. B., and Kendall, 
F. E., A simplified method for the estimation of 
total cholesterol in serum and demonstration of 
its specificity. J. Biol. Chem., 1952, 195, 357. 

17. Gofman, J. W., Lindgren, F. T., Elliott, H. A., 
Mantz, W., Hewitt, J., Strisower, B., and Herring, 
V., The role of lipids and lipoproteins in athero- 
sclerosis. Science, 1950, 111, 166. 

18. Grubbs, F. E., Sample criteria for testing outlying ob- 
servations. Ann. Math. Stat., 1950, 21, 27. 

19. Keys, A., Mickelsen, O., Miller, E. O., Hayes, E. R., 
and Todd, R. L., The concentration of cholesterol 
in the blood serum of normal man and its rela- 
tion to age. J. Clin. Invest., 1950, 29, 1347. 

20. Dixon, W. J., Further contributions to the problem 
of serial correlation. Ann. Math. Stat., 1944, 15, 
119. 





THE EFFECT OF L-NOREPINEPHRINE ON CARDIAC OUTPUT 
IN THE ANESTHETIZED DOG DURING GRADED 
HEMORRHAGE? 


By J. P. GILMORE, C. M. SMYTHE,? anv S. W. HANDFORD ® 


(From the Department of Physiology, Naval Medical Field Research Laboratory, 
Camp Lejeune, N. C.) 


\ 


(Submitted for publication November 16, 1953; accepted February 18, 1954) 


Clinical reports have recently suggested that 
l-norepinephrine is a valuable agent in the treat- 
ment of shock (1-3). It has been found relatively 
more effective in those cases in which there is no 
major decrease in blood volume, such as in shock 
due to drug sensitivity, myocardial infarction, 
overwhelming infection and post-operative hypo- 
tension unresponsive to transfusion. Also, some 
cases of surgical or oligemic shock are reported in 
which it has been used with success (4-6). The 
rationale for the use of l-norepinephrine in shock 
rests on the observation that its administration is 
followed by restoration of blood pressure and gen- 
eral clinical improvement. However, since there 
is a body of surgical opinion which holds that pres- 
sor drugs are contraindicated in the treatment of 
hemorrhagic hypotension, the present series of ex- 
periments was designed to define the circulatory 
responses of the dog to I-norepinephrine during 
graded hemorrhage. Cardiac output, arterial pres- 
sure and total peripheral resistance were the para- 
meters measured. 

The effects of l-norepinephrine on the normal 
human circulation are well known (7). The drug 
elicts a bradycardia, an increase in systolic and 
diastolic arterial pressures, an increase in total 
peripheral resistance, a slight decrease or no 
change in cardiac output, an increase in coronary 
blood flow, a marked decrease in renal, cutaneous, 
skeletal muscular and cerebral blood flows and no 
change of estimated splanchnic blood flow (7). 
From these circulatory responses, it is apparent 
that coronary and hepatic blood flow are main- 
tained or increased under the influence of 1- 
norepinephrine, while flow in other vascular cir- 


1 This work is not to be construed as necessarily re- 
flecting the views of the Department of the Navy. 

2LT MC USNR. Present address: 31 Legare Street, 
Charleston, S. C. 

8CDR MSC USN. 


cuits is decreased. Current experimental evidence 
places the blame for the development of irrever- 
sible surgical shock on failure of the liver and 
heart. If l-norepinephrine given to the shocked 
animal also produces relative increases of flow 
through these two vulnerable, vital organs, therein 
may lie a rationale for its use other than its vaso- 
constrictor action. 
METHODS 


Eighteen fasting, mongrel dogs (mean weight 10.6 Kg.) 
were anesthetized with morphine tartrate, 3 mg. per Kg. 
intramuscularly, followed in 30 minutes by chloralose, 48 
mg. per Kg., and urethane, 480 mg. per Kg. intravenously. 
The right brachial artery, both femoral arteries, a fe- 
moral vein and a jugular vein were exposed and cannu- 
lated. Arterial pressure was measured with a capacitance 
type electromanometer and recorded on a multi-channel 
oscillograph. Mean arterial pressure was obtained by 
electrical integration of the electromanometric output. 
Oxygen was administered by intra-tracheal catheter. 
Heparin was used as an anticoagulant. Cardiac output 
was determined by the T-1824 Blue dye injection method. 
based on the Stewart principle (8). The dye concentra- 
tion curve was measured with a calibrated dye photom- 
eter (9), the output of which was recorded on the oscillo- 
graph. Surface area was calculated from the nomogram 
of Cowgill and Drabkin (10). The base line for arterial 
pressure was taken at the skin of the back of the dog. 

Experimental hemorrhagic shock was produced by the 
two-stage bleeding technique described by Wiggers (11). 
After the animals had been anesthetized and all apparatus 
was in satisfactory working order, two determinations of 
cardiac output, pulse rate, central venous and arterial 
pressures were made in close sequence. L-norepineph- 
rine * was then administered intravenously by a constant 
infusion pump for ten minutes after which time the same 
determinations were repeated. (This series of determina- 
tions constitute the control period.) The 1-norepinephrine 
infusion was then discontinued. After arterial pressure 
had returned to the base line level, bleeding was begun by 
syringe at a raie of 50 ml. per min. and continued until 
a pressure of 50 mm. Hg was reached. This level was 
maintained for several minutes. Another set of deter- 


# Levophed, 0.1 per cent, Winthrop-Stearns, New York 
18, N. Y. 
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TABLE I 


Effect of l-norepinephrine on mean arterial pressure * 


Hemorrhage first stage Hemorrhage second stage 
Control Early Late Early Late Return 


Experi Body pre inf. pre inf. pre inf. pre inf. pre inf. pre inf. L-norepi. 
ment surtace inf. I-n'epi. inf. I-n'epi. inf. I-n’epi. inf. I-n'epi. inf. I-n’epi. inf. I-n'epi. infusion 


M2 mm. Hg mm, Hg mm. He mm. Hg mm. He mm. Hg w/Kg./min. 


Bes | 89 91 < 54 61 58 52 37S 48 - _ 42 

41 89 99 be 79 Gl <7; 58 47 | 39 — 65 

45 116 =6124 55 47 x 3 58 35 46 - 45 
84 94 87 56 78 34 22 _ — . 
90 93 56 a 64s 2 38 16 12 — . sot 


89 99 89 36 7 51 - _- .24 
102 + =101 52 66 48 2 62 36037 AT 
YP 87 67 53 s 51 39s «66 ‘ A7 
97 95 69 §5 k 72 3. 61 55 
81 100 5S: 70 46 2 36 - 50 
67 97 : 75 50 ‘ 60 : 29 1.06 
110 70 43 43 37 i 1.03 
104 82 38 : : 65 37 74 105 
89 a 76 49 X 32 41 25 104 
94 79 45 ; ‘ 51 20 96 
120 2 81 on 8 AS: 25 24 
65 45 49 32 40 34 te 
79 87 67 =86 : 45 k 29 


DNDN eEWrmRK OOM WAM wWNHe 


98 51 13 49 60 Bo ae | K 40 95 106 

12.55 10.45 5.99 10.63 8.60 12.69 5.56 13.05 : 16.40 22.80 
2.98 7.00 2.78 4.90 .96 
0015 -0000 0024 .0000 OSS 17 


Tees 
~ 


* All figures are the means of two determinations. 


TABLE II 


Effect of l-norepinephrine on cardiac output * 


Hemorrhage first stage Hemorrhage second stage 
Control Early Late Early Late Return 


Experi- pre inf. pre inf. pre inf. pre inf. pre inf. pre inf 
ment inf. I-n'epi. inf. 1-n'epi. inf. I-n'epi. inf. I-n'epi. inf. I-n'epi. inf. I-n'epi. 


ml./M .2/min. ml./M 2/min. ml./M 2/min. ml./M 2/min,. ml./M 2/min. ml./M 2/min. 
2261 1669 888 1050 1110 1440 372 + =480 378 404 
1914 1710 972 1500 822 1038 630 678 618 702 
1490 §=2615 798 1350 720 1038 450 972 552 858 
1920 1991 858 1242 792 1301 558 1031 678 438 
2051 2345 372 420 342 582 270 §=438 240 282 - 
2430 = 2831 510 738 198 222 198 390 752 «612 
1595 2150 960 1271 828 990 648 960 540 480 2190 2290 
1380 §=©1500 858 1029 1092 708 912 528 732 1631 1691 
1781 1680 $52 738 ©6858 450 750 342 612 
1980 2560 882 : 822 1271 792 942 - - 
2021 1860 1217 y. 1880 1680 570 =702 404. 390 - 
4140 4554 1068 17 1152 1481 540 792 432 660 1961 1320 
2261 1638 900 132 900 1350 582 738 570 =738 1519 1301 
3370¢ 6600F 1050 : 1490 2310 930 1145 404 586 1961 1680 
1638 1780 1098 942 1410 972 1580 672 708 3960 2940 
1841 1511 786 792 1211 492 552 420 318 

492 414 498 324 404 192 210 930 972 
1212 942 204s 390 = 3390 132 168 114 522 462 


ee 
Duke AON SOON AUSH WH 


~ 


oo 


1994 2088 804 7 852 1120 534 756 438 516 1716 1475 
662 821 271 2 406 482 230 334 165 1 1025 790 
35 3.14 1.75 2.26 ake on 
36 .0008 .040 .012 j .30 
* All figures are the means of two determinations. 
¢ Not included in statistical analysis. 
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minations was then made before and during the 1-norepi- 
nephrine infusion which was given at the same rate and 
for the same time as during the control period (early first 
stage of hemor-hage). Arterial pressure \was held at 50 
mm. Hg for 75 minutes and measurements were made 
before and during the I-norepinephrine infusion as abeve 
(late first stage of hemorrhage). The animals were next 
bled at 50 ml. per min. to a pressure of 30 mm. Hg. 
Measurements were again made before and during 1|-nor- 
epinephrine as described above (early second stage of 
hemorrhage). Pressure was maintained at 30 mm. Hg 
for 75 minutes and the sequence of determinations was 
then repeated (late second stage of hemorrhage). All 
blood was next reinfused intravenously, blood pressure al- 
lowed time to stabilize, and the determinations made once 
again before and during the I-norepinephrine infusion 
(return period). In all experiments, the I-norepinephrine 
infusion was maintained at the same rate from beginning 
to end of the experiment regardless of the condition of 
the animal. No blood was administered to the animals 
The blood withdrawn for 
cardiac output determinations was replaced immediately 


during the determinations. 


after each pair of determinations had been completed.® 


* Cardiac output determinations were made in pairs and 
the data presented in the tables are the means of each 


SMYTHE, 


AND S. W. HANDFORD 


RESULTS 


Data from eighteen e--periments are presented 
in Tables I, I], and III. Figure 1 is a typical re- 
cording of the T-1824 dye concentration curves, 
right auricular, and femoral arterial pressures ob- 
tained from an animal in the early first stage of 
hemorrhage before and during the infusion of 
l-norepinephrine. In ten experiments, an aver- 
age l-norepinephrine infusion of 0.47 » per Kg. per 
min. was given and in eight 1.02 » per Kg. per min. 
No significant difference is apparent when these 
two groups are treated separately. 

In the control period |-norepinephrine produced 
the expected increase in mean arterial pressure 
(t = 2.98, p= .0015). However, the response of 
cardiac output to the drug during this period 


varied. At times it increased, sometimes it de- 


paired samples at all stages of hemorrhage gives the fol- 
lowing results: mean of the first determination 645 ml. per 
min.; S.D.+ 512. Mean of the second determination 630 
ml. per min.; S.D.+ 548. The difference between the 


pair. Statistical analysis of the difference between all means is not significant (t = .276, p= .40). 


TABLE Ill 


Effect of l-norepinephrine on total peripheral resistance * 








Hemorrhage first stage Hemorrhage second stage 


Control Early Late Early Late Return 


Experi- pre inf. pre inf. pre inf. pre inf. pre inf. pre inf. 

ment inf. I-n'epi. inf. I-n’epi. inf. I-n'epi. inf, inf. I-n'epi. inf. I-n'epi. 
PRUt PRU 

.0393 .0545 .0550 .0403 
.0458 .0578 .0741 .0703 
.0778 .0474 .0653 .0510 
.0438 .0472 .0707 .0537 
.0438 .0397 .1228 .0877 
.0367 .0350 .1817 .1260 
.0640 .0470 .0580 .0495 
.0522 .0580 .0510 .0558 
.0545 .0565 .0745 .0746 
.0409 .0391 .0560 .0503 
.0332 .0521 .0267 .0433 
.0236 .0242 .0373 .0310 
.0340 .0634 0423 .0555 
.0208t .0135f .0329 .0273 
.0513 .0527 .0478 .0412 
.0793 .0467 .0478 
.1087 .0983 
.1720 .2200 


PRU 
.0979 .1193 
.0760 .0840 
.0635 .0537 
.0483 .0502 .0502 
0890 . .0667 .0425 
AGT ak _ _ 
.0648 .0667 .0772 
.0635 .0738 .0902 
.0668 .0965 .0997 
.0340 
.0683 
.0537 
.0653 
.0344 
.0318 
.0548 
.0988 
.2348 


PRU 
0585 .0513 
0555 .0527 
.0588 .0407 
.0652 .0700 
.1290 .1333 
.1375 .1207 
.0535 .0518 
.0595 .0627 
.0797 .0837 
.0600 .0607 
-0443 .0435 
.0469 .0407 
0455 .0621 
0505 .0523 
.0437 .0465 
.0736 .0637 
.0813 .0933 
.2217 .1700 


.0968 
.0635 
.0778 


.1208 
.0315 
.0763 


.1010 
.0321 
.0699 


.0743 

0560 
.1003 
.0425 
.0283 
.0755 
.1618 
.2102 


.0752 .0722 .0725 .0680 .0782 .0879 .0854 
.0434 .0350 .0443 .0448 0492 . .0622 .0471 
22 36 a .20 

42 36 


.0770 
.0672 
.0648 
.0692 
.0283 
.0595 
.1510 
.2983 


.0947 
.0951 
.0635 
0455 


Pwr OOO NIAMS WN 


a .0915 
0835 .2141 
-0523 
.0150 


.0925 
.0532 


* All figures are the means of two determinations. 
, _ 1mm. Hg 

(PRU « 

1 ml./min. 

t Not included in statistical analysis. 
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Note the decrease in area under the T-1824 dye curve, which is indicative of an increase in cardiac output, during 


the infusion of 1-norepinephrine. 


The apparent increase of right auricular pressure is due to shifting of the base line 


which is set at 9 mm. Hg. The rise of arterial pressure is pronounced (32 mm. Hg). 


creased and sometimes it showed no change. This 
inconsistent response of cardiac output to I-norepi- 
nephrine was reflected in the total peripheral re- 
sistance which also showed a wide variation. In 
short, no consistent hemodynamic pattern could 
be discerned during the control period other than 
the increase of mean arterial pressure. 

Significant increases of cardiac output occurred 
during I-norepinephrine infusion, during the early 
first stage of hemorrhage (t = 3.14, p= .001), 
during the late first stage of hemorrhage (t = 1.75, 
p = .040) and during the early second stage of 
hemorrhage (t = 2.26, p= .012). During the 
latter three stages, I-norepinephrine caused an in- 
crease in cardiac output during 49 of 51 determina- 
tions. 
output during the late second stage of hemorrhage 
(t= .75, p=.22) or during the return period 
(t = .51, p= .30). 

L-norepinephrine also elicited significant in- 
creases in mean arterial pressure during the first 
stage of hemorrhage and the early second stage 
of hemorrhage. This rise of pressure was due to 
increases in both systolic and diastolic pressures. 
As in the case of cardiac output, there was no sig- 


There was no significant change of cardiac 


nificant change in pressure due to the drug in the 
late second stage of hemorrhage or in the return 
period. In those instances in which the infusion 
of l-norepinephrine was accompanied by a decrease 
of arterial pressure, the animals were in the “take- 
up” period of hemorrhagic shock and _ arterial 
pressure was already failing prior to the infusion. 

Although the mean total peripheral vascular 
resistance during the J-norepinephrine infusion 
rose in all periods observed (Table III), in no in- 
stance is the rise statistically significant. 

During experiments 1 to 9, right atrial pressure 
was measured. In the control period I-norepineph- 
rine caused a rise of mean right atrial pressure 
(2.8 mm. Hg to 4.1 mm. Hg), which is not sig- 
nificant (p = .12). 
auricular pressure during the remaining stages 


There was no change of mean 


of the experiment. 
DISCUSSION 


The increase in mean arterial pressure observed 
in response to I-norepinepkrine during the control 
period has been widely reported (7). Other ob- 
servers have also noted the variation of response 


of cardiac output to the drug (7, 12). In the 
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presently reported series of experiments the effect 
on cardiac output during the control period was 
not uniform, varying from a 28 per cent decrease 
to a 75 per cent increase. However, in most ex- 
periments there was little change of resting cardiac 
output. 
srewster, Isaacs, and Waing-Andersen (12) 
and Zanetti and Opdyke (13) have demonstrated 
that the response of both central and peripheral 
circulations to pressure amines is influenced to a 
great extent by the vasomotor status of the periph- 
eral vascular bed prior to administration of the 
drug. Thus, comparison of data obtained from an- 
esthetized dogs with that from alert human beings 
Others (14) have also 
stressed that the response of the circulation to dif- 


is not entirely justified. 


ferent anesthetics may vary greatly. Brewster, 
(12) that 
l-norepinephrine may effect a marked increase of 
These 


facts probably account for the variations in re- 


Isaacs, and Waing-Andersen found 


cardiac output in the anesthetized dog. 


sponse of cardiac output and peripheral resistance 
seen during the control periods of the present ex- 
periments. 

The increase in cardiac output produced by the 
infusion of l-norepinephrine during the early stages 
of hemorrhagic shock was due to an increased 
stroke volume, since no tachycardia was observed. 
Two possible explanations for such an increased 
stroke volume may be offered: first, a direct cen- 
tral circulatory effect due to the direction stimula- 
tion of the myocardium by |-norepinephrine ; sec- 
ond, an increase of venous return due to a periph- 
No effort has 


been made to assess the possible role of direct 


eral circulatory effect of the drug. 


myocardial stimulation. 

An increase in venous return may be explained 
by an increase in the effective circulating blood 
volume. In the shocked animal, a significant por- 
tion of the blood volume may lie stagnant in the 
veins and venules not immediately available to the 
general circulation. Thus, any agent causing 
venoconstriction may make a greater amount of 
blood available to the effective circulating volume. 
L-norepinephrine is a venoconstrictor and con- 
stricts the vessel of the spanchnic area as well as 
those of the muscle and skin (7). Hence, in re- 
sponse to the drug, the intravascular volume of 


the venous bed may be reduced and more blood 
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made available to the effective circulation. These 
two factors would, in turn, increase venous re- 
turn and, therefore, cardiac output. 

A preparation has recently been devised with 
which changes of venous return and of available 
circulating blood volume may be demonstrated 
(15). Blood is diverted from the inferior and 
superior venae cavae into a reservoir from which 
blood is returned to the right heart. In this prep- 
aration (in the dog) injections of l-norepinephrine 
caused an increase of venous return and eight per 
cent sustained increment of blood in the reservoir. 

During the irreversible stage of shock, in which 
l-norepinephrine was not effective in increasing 
cardiac output, venoconstriction was probably at 
a minimum due to a complete loss of venous re- 
sponsiveness. If l-norepinephrine does play a di- 
rect role in stimulating the heart and effecting an 
increase of cardiac output, it is perhaps due to an 
increased coronary flow (16) and hence improved 
myocardial metabolism. 

The preparation employed results in 82 per cent 
mortality after the end of the second stage of 
hemorrhage, and death within six hours after the 
reinfusion of the total volume shed (11). 
fore, the failure to demonstrate significant increases 


There- 


in cardiac output and arterial pressure during the 
late two stages of shock can be attributed to the 
condition of the animals at this time. 

The increase of peripheral resistance occurring 
after hemorrhage is a well-known phenomenon. 
Remington and his associates have shown. that 
Dibenamine® (Smith, Kline, and French), an 
adrenergic blocking agent, increases the survival 
rate of dogs in hemorrhagic shock presumably by 
preventing vasoconstriction which they believe 
may be a precipitating factor in irreversibility 
(17). 
volume was less than in the unmedicated animals. 


However, in their experiments the bleeding 


From these experiments one might conclude that 
vasoconstrictor agents such as 1-norepinephrine 
are contraindicated in hemorrhagic hypotension. 
From the results of the present experiments, it 
would seem that such a conclusion may be er- 
roneous, since I-norepinephrine effected no signifi- 


cant increase in peripheral resistance in any of the 


stages of hemorrhage. 
Possible reasons for the lack of rise in periph- 
eral resistance during the control are discussed 
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above. In the earlier stages of hemorrhage, the 
pressure rise effected by l-norepinephrine was ac- 
companied by elevations of cardiac output. Late 
in hemorrhage neither cardiac output nor pressure 
increased. 

The validity of the single dye injection method 
for determining cardiac output during hemorrhage 
in the dog is discussed by Hamilton and Reming- 
ton (18). Others have compared this method 
with the direct Fick technique over a wide range 
of conditions and outputs in man (19). 

The results of these experiments complement 
clinical observations of the effect of l-norepineph- 
rine in oligemic shock. During the early stages 
of hemorrhagic hypotension when blood volume 
has not been critically depleted, and during severe 
hemorrhage prior to the development of irreversi- 
bility, the drug effected significant increases in 
cardiac output and arterial pressure. Moreover, 
during the experiments, the drug caused no ad- 
verse effects. After near fatal exsanguination or 
peripheral vascular failure, however, I-norepineph- 
rine was of little therapeutic value. The above 
results would seem to justify the further clinical 
investigation of the effects of I-norepinephrine in 
the treatment of oligemic shock pending, or as 
an adjunct to, whole blood transfusion, The tem- 
porary relief afforded by the drug during hemor- 
rhagic hypotension may have significant applica- 
tions in the treatment of surgical cases provided it 
is clearly realized that whole blood transfusion is 
still the primary therapy of oligemic shock. 


SUMMARY AND CONCLUSIONS 


In experimental hemorrhagic hypotension in 


dogs, l-norepinephrine (0.75 » per min. per Kg.) 


elicits significant increases of cardiac output and 
arterial pressure. Later in hemorrhage and after 
the development of irreversible shock, I-norepi- 
nephrine effects no significant change of arterial 
pressure or cardiac output. During no stage of 
hemorrhagic hypotension did the drug elicit an in- 
crease of total peripheral resistance. 
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Until recently, patients with aortic insufficiency 
and congestive heart failure have been offered only 
the temporary palliation provided by rest, diet, 
cardiac glycosides, and diuretics. A more direct 
therapeutic approach would aim at correction of 
the basic hemodynamic defect, by mechanical re- 
duction of the volume of regurgitation. 

Hufnagel (1) has devised a surgical procedure 
for altering the abnormal pattern of blood flow 
in aortic insufficiency. A plastic ball valve is in- 
serted in the thoracic aorta, immediately distal to 
the left subclavian artery. This prosthesis pre- 
vents regurgitation of the blood traversing it, es- 
timated to be approximately 75 per cent of the 
total cardiac output (2) (Figure 1). Blood flow 
above the valve, in the coronary, carotid, and sub- 


clavian systems remains regurgitant. 

To date, over twenty-five patients have been 
Clini- 
cal observations suggest that patients with severe 


treated successfully in this manner (3, 4). 


aortic insufficiency and varying degrees of cardiac 
decompensation benefit markedly by this opera- 
tion, showing postoperatively increased exercise 
tolerance and clearing of the signs of heart failure. 
The present study was undertaken in order to dem- 
onstrate objectively the alterations in circulatory 
dynamics produced by the valvular prosthesis. 


MATERIAL AND METHODS 


Nine patients (see Appendix) with severe aortic in- 
sufficiency as an isolated valve lesion were studied pre- 


1 Presented in part at the Forty-fifth Annual Meeting 
of the American Society for Clinical Investigation, At- 
lantic City, New Jersey, May 4, 1953. 

2 Sponsored in part by the Veterans Administration and 
published with the approval of the Chief Medical Di- 
rector. The statements and conclusions published by the 
authors are a result of their own study and do not neces- 
sarily reflect the opinion or policy of the Veterans Ad- 
ministration. 
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operatively and from 14 to 36 days postoperatively. All 
preoperative studies were carried out after several weeks 
of medical treatment in the hospital. The procedure of 
study was as follows: 

Each patient fasted from midnight. 
minutes before being brought to the laboratory they re- 
ceived 200 mg. sodium pentobarbital (Nembutal) orally. 

Using local procaine anesthesia, a Cournand catheter 
was passed to the right heart under direct fluoroscopic 
The zero level for all right heart pressures was 
After recording 
the pulmonary arterial pressure, the catheter was with- 
drawn to the cavity of the right ventricle and left in 
place. In one patient (L. F.), the catheter was with- 
drawn to the right auricle because of the occurrence of 
premature ventricular contractions. This was the only 
case in which an ectopic rhythm was observed. In an- 
other (H. S.), the catheter could not be passed to the 
right heart; hence, direct Fick cardiac outputs were not 
obtained in this case. 

A 15 gauge Robb type needle 5 cm. in length (5) was 
inserted through procainized skin into the femoral ar- 
tery. The ample bore of this needle permitted unre- 
stricted flow and adequate sampling when obtaining dye 
concentration curves. 

Cardiac output was determined by the direct Fick 
measured from a 


Approximately 20 


control. 
5 cm. posterior to the angle of Louis. 


method. Inspired air volume was 
Tissot spirometer (filled with room air) over a three- 
minute period. Expired air samples were collected in 
Douglas bags and their oxygen content determined im- 
mediately by a Pauling oxygen analyzer. Oxygen con- 
sumption was calculated from expired air oxygen con- 
centration, room air oxygen concentration, and inspired 
air volume corrected for temperature and barometric 
pressure. During the second minute of the three-minute 
air sampling period, simultaneous blood samples were 
drawn slowly from the right heart and femoral artery 
into oiled syringes. These were capped with mercury, 
kept on ice, and within three hours were analyzed for 
arteriovenous oxygen differences in a quartz spectro- 
photometer # by the method of Hickam and Frayser (6). 


3 Arnold O. Beckman Company, Inc., South Pasadena, 
California. 

# Arnold O. Beckman Company, Inc., South Pasadena, 
California. 
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Fic. 1. SketcH OF THE PosTERIOR ASPECT OF THE 
HEART AND GREAT VESSELS, SHOWING THE LOCATION OF 
THE Prastic Aortic VALVE IN 


BEYOND THE LEFT SUBCLAVIAN ARTERY 


THE THoracic Aorta, 


An 18 gauge needle was then inserted in the brachial 
artery under local procaine anesthesia, and direct ar- 
All pres- 
sures were recorded with strain gage manometers ® using 
The strain 
gages were coupled directly to the large bore indwelling 


terial pressure pulse contours were obtained. 


carrier-wave type strain gage amplifiers. 


needles in both femoral and brachial arteries, with no in- 


5 Statham Laboratories, Beverly Hills, California. 
6 Sanborn Company, Cambridge, Massachusetts. 


BEFORE SURGERY 


BRACHIAL 
ARTERY 


FEMORAL 
ARTERY 


PATIENT: H.S. 


Fic. 2. 


FREIS, W. P. 
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The frequency response curve of the 
direct-writing recorders used is flat to fifty cycles per 
second, and a 60 per cent response is obtained at 80 cy- 
cles per second. 


tervening tubing. 


(In obtaining right heart pressures, a 
strain-gage was coupled directly to the hub of the in- 
dwelling catheter.) 

The injection of T-1824 dye into the right heart, and 
arterial modified the 
(7). The precise amount of 
dye delivered through each catheter into the right ven- 


sampling were from method of 


Werko and his associates 
tricle was determined by an m vitro injection. In every 
case, the same catheter used in the preoperative study 
was used in the postoperative study, and in each instance 
the approximate position of the catheter in the right 
heart was duplicated in the postoperative procedure. All 
blood samples were collected in paraffined tubes each 
containing a drop of one per cent heparin. In four 
cases, during the postoperative study, dye concentration 
curves were obtained from the brachial artery simultane- 
ously with the femoral dye curves. The mean circula- 
tion times were obtained from the dye concentration 
curves by the method of Hamilton, Moore, Kinsman, and 
Spurling (8). 

After obtaining the dye curve, additional arterial sam- 
ples were obtained at 10, 15, and 20 minutes after the in- 
jection of dye, for determination of plasma volume (9). 
Total blood volume was calculated from the plasma vol- 
ume and arterial hematocrit. 


RESULTS 


1. Brachial and femoral arterial pressure pulse 
contours 
Tracings taken from the femoral artery post- 


operatively supplied evidence that the valve was 


AFTER SURGERY 


Cuttincs TAKEN FROM Direct RECORDINGS OF ARTERIAL PrES- 


SURE Putse Contours IN THE BRACHIAL AND FEMORAL ARTERY IN PATIENT 


H. S. BEFORE AND AFTER SURGERY 


While the wide regurgitant pressure pulse is transformed into a normal 
appearing contour in the femoral artery postoperatively, the brachial contour 
is widened due to an increased systolic pressure and a decreased diastolic 


pressure. 
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Fic. 3. CHART 


SUMMARIZING THE ARTERIAL PRESSURE CHANGES 


LF. GP. TO. 


PRODUCED BY THE 


PLAstTiIc VALVE IN E1GHT CASES 


In each instance the femoral pressures are altered towards normal, while the pulse 


pressure in the brachial artery is widened. 


pulse pressure is slightly wider than the preoperative femoral pulse pressure. 


In patient M. H., the preoperative brachial 


At op- 


eration a slightly coarcted area was found in the descending thoracic aorta which did 


not interfere with normal aortic blood flow. 


No collateral channels had developed, 


and this segment was left intact, the prosthesis being placed proximal to it. 


functioning effectively. In each instance, the 
pressure pulse contour characteristic of free aortic 
regurgitation before operation was replaced after 
operation by a contour which appeared normal 
Whereas the femoral arterial 
pulse pressure decreased toward normal, the 


brachial arterial pulse pressure widened postop- 


(Figures 2 and 3). 


eratively, due to both a decrease in diastolic pres- 
sure and (with one exception, S. E.) an increase 
in systolic pressure. 

The configuration of the postoperative femoral 
arterial pressure pulse was of interest in that in 
most cases, a peculiar and variable notching oc- 
curred, perhaps due to closure of the rigid ball 
valve (Figure 4). 


2. Cardiac output and stroke volume 


In six cases, the cardiac index increased postop- 
eratively by from 19 to 77 per cent of the preop- 


erative values (Table I). The two exceptions 
were S. E., who exhibited no significant change, 
and T. D., who showed a decrease of 34 per cent 
in cardiac output. In S. 
values may have been falsely high because of evi- 


E., the preoperative 


dent apprehension during the experimental pro- 
cedure. 
cardiac output in patient T. D., may not represent 
a basal value. His cardiac index preoperatively 
was the highest recorded in the eight cases stud- 


For a similar reason the preoperative 


ied, and the difference in the pre and postopera- 
tive cardiac output determinations lay entirely in 
the oxygen consumption, the arteriovenous oxy- 
gen difference actually decreasing postoperatively. 

An increase in cardiac output usually was as- 
sociated with both increase in oxygen consump- 
tion and a decrease in A-V oxygen difference. 
The exception to this was L. F., who exhibited a 
fall in oxygen consumption postoperatively, al- 
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HEMODYNAMICS OF PLASTIC VALVE FOR AORTIC INSUFFICIENCY 


T.D. 


SE. G.P. 
ARTERIAL PRESSURE PULSE 


lic. 4. CurTiINGs FROM THE PosToPERATIVE FEMORAI 
TRACINGS IN Ergnt PATIENTS 


Although the general configuration of the pressure pulse is normal, there is a vari 
able notching which is presumably due to closure of the rigid ball valve in the thoracic 


aorta. 
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60 SECONDS 60 SECONDS 


Fic. 5. PRre- AND PosToPERATIVE FemMorat T-1824 Dye ConcenTRATION Curves IN E1cut Patients 
The preoperative curves are the broken lines, the postoperative curves the solid lines. Each abscissa 
is a linear time scale from 0 to 60 seconds. Each ordinate is a logarithmic optical density scale from 0 
to 2.4. With the exception of patient S. E., the postoperative femoral dye curve is steeper and more 
rapid than the preoperative curve. See text for discussion. 
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though there was a greater proportionate fall in 


In patient W. A., 
the increased postoperative cardiac outputs was 


A-V oxygen difference. one of 
due entirely to a decrease in A-V oxygen differ- 
ence, 

The effective stroke volume, calculated by di- 
viding the average cardiac output by the heart 
rate recorded at the actual time of cardiac output 
measurement, usually increased paralleling the 
changes which occurred in cardiac output. 

Certain discrepancies in the data were evident. 
One preoperative cardiac output value in patient 
C.F. 
mination, although the average of the postopera- 
In all 


but one case, there was weight loss following op- 


was greater than one postoperative deter- 
tive outputs was greater by 14 per cent. 
eration. Weight loss was not due to diuresis, 
but rather the body tissue loss observed following 
major surgery, and in each instance had either 
ceased or reversed itself at the time of postopera- 
tive study. The decrease in body surface area 
postoperatively accounted for somewhat greater 
percentile increases in cardiac indices in the cases 
in which the cardiac output increased, and smaller 
percentile decreases in cardiac indices in the two 
cases in which the cardiac output decreased. 
3. Right heart pressures 

Of the seven cases in which right heart pressures 
were measured no change was observed in four 
while postoperative decreases were observed in 
three (W. A., S. E., and T. D., Table I). 


were the only ones exhibiting elevations of right 


These 
heart pressure preoperatively. In the case of 
T. D., the preoperative pulmonary artery pres- 
sure was 76/30 mm. Hg, and although the post- 
operative pressure was obtained in the right ven- 
tricle, it was significantly lower than the preop- 
erative right heart pressure in the face of a marked 
SE. 
showed no significant alteration in cardiac index, 


decrease in postoperative cardiac output. 


yet there was a postoperative fall in right heart 


pressure. These observations may be further 
evidence that the preoperative cardiac outputs in 


these two cases do not represent basal values. 


4. T-1824 dye concentration curves 


The alterations in shape of dye concentration 
curves obtained in the femoral artery in eight 
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cases are shown in Figure 5. With one excep- 
tion, the postoperative dye curve is steeper and 
more rapid than the preoperative curve. The ex- 
ception is patient S. E., the only patient of this 
group who did not show a postoperative increase 
in cardiac output, or a postoperative increase in 
brachial artery systolic pressure. Mean circula- 
tion times calculated from these curves are sum- 
marized in Table I. The greatest reductions in 
mean circulation time occurred in the patients 
who showed the most abnormal preoperative val- 
ues (W.A., L. F.). 

In four cases postoperatively, dye transit curves 
were determined simultaneously in both the fe- 
De- 


spite the persistence of regurgitant flow above the 


moral and the brachial arteries (Figure 6). 


valve, the alterations in the brachial dye curve 


60 SECONDS 60 SECONDS 


Fic. 6. SIMULTANEOUS PosTOPERATIVE DyE CONCEN- 
TRATION CurVES DRAWN IN FEMORAI 
ARTERIES IN Four PATIENTS 


BRACHIAL AND 

Brachial curves are the dotted lines, femoral curves 
the solid lines. Reference to Figure 5 reveals that in each 
instance the alterations which occur in the shape and 
duration of postoperative femoral dye curves are simul- 
taneously noted in the brachial dye curves. See text for 
discussion. 
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postoperatively corresponded to those in the fe- 
moral curve. 


5. Blood volume 


In all of the eight cases studied the arterial he- 
matocrit was lower postoperatively. The reduc- 
tion varied between 3 and 8 mm., except for pa- 
tient W. J., whose hematocrit fell 16 mm. (Table 
1). Despite this constant finding there was no 
significant trend in total blood volumes, a slight 
postoperative rise occurring in three cases and a 
fall in five. 


DISCUSSION 


The cardiac output determinations and dye in- 
jection curves implied that the operation resulted 
in improved cardiac function. Cardiac output, 
cardiac index, and effective stroke volume were 
significantly increased in six of eight cases, post- 
operatively. Dye injection curves obtained from 
the brachial artery postoperatively showed a defi- 
nite return toward normal in shape and duration 
corresponding to the alterations occurring in the 
femoral curves. 
femoral dye curves were not due to the correc- 


Thus, the improvements in the 


tion of regurgitation, per se, since this improve- 
ment also was noted in the regurgitant brachial 
artery. 

The source of improvement, therefore, seemed 
more likely to be cardiac in origin, possibly being 
secondary to more efficient ventricular contraction. 
This interpretation was supported by the cardiac 
output data. 
crease in cardiac output postoperatively also 


Those cases which exhibited an in- 


showed dye concentration curves of shorter dura- 
tion, while the one patient with no change in 
cardiac output studied with dye injections failed 
to exhibit this dye curve alteration. 

Considering the data as a whole, the following 
sequence of events seems to explain best the re- 
sults observed : the introduction of the plastic valve 
reduced the absolute volume of regurgitation. 
Ventricular contraction then became more effec- 
tive, permitting better emptying. This, in turn, 
resulted in increased cardiac output, decreased 
mean dye circulation time and other evidence of 
improved cardiac function. 

Borden, Ebert, Wilson, and Wells (10) showed 
that in hypertensive heart and aortic valvular dis- 
ease with left ventricular dilatation, prolonged 
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mean dye circulation time (calculated, however, 
by a different :nethod) correlated in part with in- 
Gernandt 


and Nylin (11) had previously demonstrated the 


creased diastolic volume of the heart. 


direct relationship of prolonged circulation time 
to the residual volume in the dilated left ventricle. 
It might be inferred, therefore, that decreases in 
mean circulation time in patients with left ven- 
tricular dilatation are due to decreases in the dia- 
However, of the 
nine cases in this series only one (W. A.) showed 
a detectable 


stolic volume of their hearts. 


heart size 


roentgenographically at the time that the postop- 


diminution of diastolic 
erative studies were carried out, although longer 
term follow-ups revealed decreased heart size in 
all cases (4). This apparent inconsistency can be 
resolved by the explanation that a steeper dye 
curve of shorter duration may be due not only to 
a decrease in the diastolic volume of the ventricle, 
but also to a decrease in the residual volume of the 
ventricle at the end of systole. If the ventricle 
empties more completely with more vigorous con- 
traction, there will be less pooling of blood in the 
ventricle to delay the passage of the dye. 

Newman and his colleagues (12) believe that 
the character of the downslope of the dye injec- 
tion curves obtained in the manner described is 
chiefly a function of pulmonary blood volume. The 
alterations in the postoperative dye curve observed 
in our patients might thus be attributed to a de- 
crease in the volume of the pulmonary vascular 
bed. However, prior to surgery, intensive medi- 
cal therapy had rendered our patients as free as 
The 
studies of Gernandt and Nylin (11) and of Borden, 
Ebert, Wilson, and Wells (10) indicate that the 


possible of clinical congestive heart failure. 


prolonged circulation time in heart failure depends 


on the amount of residual blood in the heart, and 
only to a slight extent on the degree of congestion. 
Hamilton recently has criticized the validity of the 
calculation of pulmonary blood volume from the 
slopes of dye curves (13). 

The concept of more complete left ventricular 
emptying following operation also provides an ex- 
planation for the higher systolic and lower dia- 
stolic pressures in the regurgitant brachial artery, 
More 


efficient systolic contraction would by increasing 


seen after as compared to before operation. 


stroke volume raise the systolic pressure in the 
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brachial artery. More complete emptying would 
provide a greater pressure gradient from the re- 
gurgitant artery to the ventricle in early diastole, 
thereby lowering the brachial diastolic pressure. 


SUMMARY AND CONCLUSIONS 


1. The insertion of a plastic valvular prosthesis 
in the thoracic aorta, in nine patients with severe 


aortic insufficiency, successfully prevented regurgi- 


tant blood flow below the prosthesis. 

2. In most instances, this resulted in improved 
cardiac function as evidenced chiefly by an increase 
in cardiac output and effective stroke volume, and 
a decrease in mean dye circulation time. 

3. On the basis of the observed data, a possible 
sequence of events has been suggested as a mecha- 
nism by which more effective left ventricular con- 
traction results from reduction of the absolute vol- 
ume of regurgitation. 
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APPENDIX 
Brief Case Summaries 


1. M. H., a 31 year old colored female, had acute rheu- 
matic fever at age 5. At age 20 she experienced the onset 
of progressive dyspnea on exertion, orthopnea and parox- 
ysmal nocturnal dyspnea for which she was digitalized. 
Two years prior to admission she developed angina pec- 
toris which became progressively severe. There was 
marked enlargement of the left ventricle. She had the 
murmur of free aortic regurgitation with an Austin-Flint 
murmur and a ventricular diastolic gallop rhythm. 

On September 11, 1952, she had a plastic valvular 
prosthesis inserted in the thoracic aorta, and a left thor- 
acic sympathectomy. The postoperative course was un- 
eventful and by two weeks following surgery there was a 
marked diminution cf the intensity of the aortic diastolic 
murmur, the Austin-Flint murmur and the ventricular 
gallop rhythm. Thirteen months after operation she was 
well and working full time. She was taking no digitalis, 
but her requirements for nitroglycerin had not significantly 
decreased. 

2. W. A. was a 50 year old white male with central 
nervous system and cardiovascular syphilis. Five years 
before operation he developed exertional angina, and three 
years later progressive and incapacitating dyspnea on ex- 
ertion and ankle edema. He was treated with digitalis 
and frequent mercurial injections. In preparation for 
surgery, a diuresis of approximately 40 pounds was nec- 
essary. There was marked left ventricular enlargement. 
He had the murmur of aortic insufficiency, a prominent 
Austin-Flint murmur, and a loud ventricular diastolic 
gallop. His liver was palpable but there was no peripheral 
edema in the immediate preoperative period. 

A plastic ball valve was inserted in the descending thor- 
acic aorta on December 2, 1952, and a left thoracic sym- 
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pathectomy was performed. Postoperatively, the only 
complication was a transient azotemia with aggravation 
of previously existing paranoid tendencies. One month 
following operation there was'a demonstrable decrease in 
heart size. Five months following operation he was com- 
pletely asymptomatic and not taking digitalis. He did not 
adhere to his prescribed medical regimen. Nine months 
following operation he had paroxysmal auricular fibril- 
lation, lapsed into frank congestive heart failure and de- 
veloped marked azotemia. He died suddenly and autopsy 
disclosed multiple infarcts of mesentery, kidneys and lungs, 
and pyelonephritis. The plastic valve was intact. 

3. C. F. was a 35 year old white male who had acute 
rheumatic fever at age 16. Three years prior to surgery 
he had auricular fibrillation converted with quinidine. 
Because of two subsequent attacks associated with marked 
dyspnea, he was placed on maintenance digitalis and 
quinidine. He had marked left ventricular hypertrophy. 
There was a murmur of free aortic insufficiency, an 
Austin-Flint murmur, and a ventricular diastolic gallop. 
Rhythm was normal sinus. 

On January 12, 1953, he had a plastic valvular pros- 
thesis inserted in the thoracic aorta. There were no 
postoperative complications. Three months following 
surgery he was working full-time, and there was a de- 
crease in heart size on x-ray. 

4. H. S., a 32 year old white male, had the diagnosis of 
aortic insufficiency of rheumatic origin made in 1945. 
There was no history of rheumatic fever or equivalents, 
and because of the presence of Marfan’s syndrome, a 


congenital bicuspid valve damaged by endocarditis was 


also suspected. In 1948, he had subacute bacterial endo- 
carditis, treated with penicillin. Three years prior to 
surgery, he experienced the onset of angina on exertion 
relieved by nitroglycerin. One year prior to admission he 
was digitalized and placed on salt restriction because of 
dyspnea on exertion and marked progression of his an- 
gina. Prior to surgery he was totally incapacitated by 20 
to 30 anginal episodes daily precipitated by exertion or 
mental activity and often occurring at night. There were 
physical findings of free aortic regurgitation. The lungs 
were clear and there was no hepatomegaly or peripheral 
edema. Roentgenographically there was marked enlarge- 
ment of the left ventricle. 

A plastic valvular prosthesis was inserted in the thor- 
acic aorta on February 6, 1953. Left thoracic sympathec- 
tomy was also performed. Although his postoperative 
course was complicated by a persistent pleural effusion, 
one month postoperatively there was a marked decrease 
in the patient’s nitroglycerin requirements and a decrease 
in the intensity of his aortic diastolic murmur. At the 
time no decrease in the heart size was demonstrable by 
x-ray examination. He was well and working, requiring 
no nitroglycerin, when he suddenly expired nine months 
after operation. The valve was intact but other autopsy 
findings are not known at this time. 

5. S. E., a 52 year old white male, had acute rheumatic 
fever at age 11. One and % years prior to operation he 
noted progressive dyspnea, on exertion, orthopnea and pal- 
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pitation. He was treated with quinidine for a tachycardia 
the nature of which is unknown. He was digitalized but 
had taken digitalis only sporadically before entrance into 
the hospital for surgery. He had been unable to work 
for one year. There was no history of angina or ankle 
edema. He had the murmur of free aortic regurgitation, 
with an Austin-Flint murmur and a ventricular diastolic 
gallop rhythm. In addition, there was a faint systolic 
murmur in the apical region which was thought to pos- 
sibly represent a mild degree of mitral insufficiency. The 
liver was palpable two centimeters below the right costal 
margin and nontender. There was no edema. A marked 
degree of left ventricular enlargement was evident by 
X-ray examination. 

A valvular prosthesis was inserted in the thoracic aorta 
on March 30, 1953, and a left thoracic sympathectomy was 
performed. The postoperative course was uneventful, and 
by one month a definite decrease had occurred in heart 
In two months the patient 
was taking no digitalis, and there was a marked diminu- 
tion in both his aortic diastolic and Austin-Flint murmurs 
The ventricular gallop was present but diminished. Nine 
months after operation he was working and apparently 
well. 

67E.-F. 
whose heart disease was in doubt. There was no history 
of rheumatic fever or equivalents. Two years prior to 
admission lues was diagnosed and treated with penicillin. 
One year prior to admission he noted the onset of progres- 
sive dyspnea on exertion and angina pectoris, requiring 
eventually 8 to 10 nitroglycerin tablets daily. He was 
not digitalized until one week prior to admission, at which 
time there was marked enlargement of the left ventricle 
and a slight degree of pulmonary congestion on the chest 
film. There were occasional premature ventricular con- 
tractions. 


size by x-ray examination. 


was a 46 year old white male, the etiology of 


Physical examination revealed the murmur of 
free aortic regurgitation with an Austin-Flint murmur and 
a ventricular diastolic gallop. There was no peripheral 
edema. 

He had plastic aortic valvuloplasty on April 1, 1953, 
with left dorsal sympathectomy. Two weeks following 
operation the murmur of aortic insufficiency was less in- 
tense, as was the ventricular gallop, and the Austin-Flint 
murmur had disappeared. Twenty-five days postopera- 
tively there was a detectable diminution in the heart size 
by x-ray examination. Nine months after operation he 
was working and apparently well. 

7. W. J. was a 26 year old colored male who had acute 
rheumatic fever at age 13, with recurrence at age 14. 
For one year prior to operation he had had progressive 
dyspnea on exertion and occasional severe precordial pain 
for which he had not received nitroglycerin. He was 
digitalized prior to operation. There was the murmur 
of free aortic regurgitation with an Austin-Flint murmur 
and a ventricular diastolic gallop rhythm. 

On April 13, 1953, he had a plastic aortic valvuloplasty 
and left thoracic sympathectomy. One month following 
operation the Austin-Flint murmur and the gallop rhythm 


had completely disappeared. The aortic diastolic murmur 
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had decreased several grades in intensity. Three months 
postoperatively he was on digitalis and was free of 
There was a demonstrable de- 
Fight months 


dyspnea and chest pain. 
crease in heart size roentgenographically. 
following operation he died during the induction of spinal 
anesthesia for what was thought to be a surgical abdo- 
men. Autopsy revealed acute gastroenteritis. The car- 
diovascular system was intact. 

8. G. P. was a 21 year old colored male who had acute 
rheumatic fever in 1952. Just prior to his bout of acute 
rheumatic fever he had been rejected for the draft because 
of a heart murmur. One year prior to operation he had 
progressive dyspnea on exertion and an x-ray showed 
marked cardiomegaly. At that time he was digitalized. 
In addition to the murmur of severe aortic insufficiency 
and an Austin-Flint murmur, he had an aortic systolic 
murmur. 

He had a plastic valvuloplasty on April 23, 1953, and a 
left thoracic sympathectomy. There were no postopera- 
tive complications. Two months postoperatively he was 
completely asymptomatic. There were no changes in the 
auscultatory findings in the heart, but there was a 
demonstrable decrease in heart size by x-ray examination. 
Four months following operation he died suddenly. It is 
known that at the time of death he was severely dyspneic 
and the valve was heard clicking at a rapid rate. No 


postmortem examination was obtained. 
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9. T. D. was a 40 year old colored male with a history 
of antiluetic therapy in 1939. In 1952 he noted rapidly 
progressive dyspnea with paroxysms at night. Six months 
prior to surgery there were two episodes of acute pul- 
monary edema. At the time of operation he had been 
digitalized for one year, and had required many injections 
of mercurial diuretics. He had a loud “cooing dove” type 
of aortic diastolic murmur, a normal sinus rhythm, and 
marked cardiomegaly with the roentgenographic appear- 
ance of aneurysmal dilatation of the left ventricle. 

On April 17, 1953, a plastic valve was inserted in his 
thoracic aorta which was markedly thickened. A left 
thoracic sympathectomy was also performed. There were 
no postoperative complications. Although there has been 
no essential change in the aneurysmal configuration of the 
heart by x-ray, nine months following operation the pa- 
tient was on a regular diet, receiving no digitalis or diu- 
retics, and there were no signs or symptoms of congestive 
heart failure. He has been noted to have occasional bouts 


of frequent premature ventricular contractions which have 


not been treated. 
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Considerable evidence has been presented to 
link growth and maturation of granulocytic leu- 
kocytes with cellular nucleic acid metabolism. The 
mechanisms of this relationship, however, remain 
unclear. Thus, Thorell (1), by microspectro- 
photometric techniques, has correlated the con- 
centration of ribonucleic acid (RNA) present in 
the cytoplasm and nucleolus with growth poten- 
tialities of the blood cell. He showed that during 
maturation, cellular RNA concentration decreased 
progressively, paralleling the declining growth ac- 
tivity of the cell. Furthermore, he demonstrated 
the failure of rapidly proliferating cells in acute 
leukemia to show the rapid decline in RNA metab- 
olism which is seen in normally proliferating cells 
following their active growth phase. 

These differences in RNA content between im- 
mature and mature blood cells have been con- 
firmed by Davidson, Leslie, and White (2). In 
this study, peripheral blood cells showed a sig- 
nificantly lower content of RNA phosphorus than 
bone marrow cells both in normal and in leukemic 
persons. However, decrease in the content of 
desoxyribonucleic (DNA) phosphorus in periph- 
eral blood cells as compared with marrow cells was 
of borderline significance. 

Further evidence relating cell growth with nu- 
cleic acid metabolism is found in the clinical re- 
sponse of some of the leukemias to substances, in- 
cluding folic acid antagonists, nitrogen mustards, 
urethane, cortisone and arsenic, which have been 
shown to inhibit biological synthesis of nucleic 
acid (3, 4). 


by Vilter and his associates (5) relate the aberrant 


Furthermore, clinical observations 


erythropoiesis in megaloblastic anemias with ab- 
normal nucleic acid metabolism conditioned by de- 
ficiences of Vitamin B,. and folic acid. 


1 This study was supported by a grant from the Mont- 
gomery County (Ohio) Society for Cancer Control and 
by the Price McKinney Fund. 
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Abnormalities in nucleic acid metabolism as- 
sociated with aberrant cell growth in the leukemic 
organism might be reflected in the urinary excre- 
tion of intermediary products derived from these 
metabolic processes. In the present study, chro- 
matographic and ultraviolet spectroscopic tech- 
niques have led to the identification of ultraviolet 
absorbing substances in the urine of persons with 
myeloid leukemia which are not present in the urine 
One of 


stances has been identified as uracil, a pyrimidine 


of non-leukemic subjects. these sub- 


component of RNA. 


MATERIAL AND METHODS 


Five consecutive adult patients with myeloid leukemia 
admitted to the medical service of the University Hospi- 
tals of Cleveland served as subjects in this study. The 
peripheral blood hemograms of these patients at the 
time of this study are shown in Table I. Four of these 
(J. S., B. W., E. W., and J. McK.) presented a clinical 
diagnosis of chronic myeloid leukemia with peripheral 
leukocytosis, splenomegaly, anemia, and granulocytic 
hyperplasia in the The fifth patient 
(R. N.) was diagnosed as having leukemia of a myelo- 
type. leukocyte 
count of this patient was not greatly increased, abnor- 


bone marrow. 


monocytic Although the peripheral 
maliy young forms were noted in stained blood films; 
and the bone marrow showed marked leukocytic hyper- 
plasia with 53 per cent blast forms. 

McK., FE. W., and R. N.) had re- 


Patient J. S., had received 


Three patients (J. 
ceived no previous therapy. 
two courses of splenic irradiation 16 and 10 months prior 
Patient B. W., had undergone a splenec 
She had 
received radioactive phosphorus one year previously when 


to this study. 
tomy elsewhere six years previous to this study. 


a diagnosis of chronic myeloid leukemia was established. 
At the time of this study, hepatomegaly and adenopathy 
were marked and bone marrow biopsy revealed moderate 
myelofibrosis. 

In addition, four non-leukemic patients on the medical 
wards of the hospital were studied as controls. 

In order to minimize the urinary excretion of sub- 
stances with ultraviolet absorption at wave lengths char- 
acteristic of nucleic acid derivatives (260-290 millimi- 
crons), all subjects in the study were placed on an ani- 
mal-protein-free diet with restriction of coffee, tea, and 
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TABLE I 


Peripheral blood findings in patients with myeloid leukemia 


Patient j.S 


M 
2.64 
6.7 
440,000 
42 


Sex 

R.B.C. (Millions) 

Heb. (Grams) 

W.B.C. 

% Neutrophils 
Metamyelocytes 
Myelocytes 
Eosinophils 
Basophils 
Monocytes 
Young Monocytes 
Blasts 
Lymphocytes 

Normoblasts per 100 WBC 
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chocelate. After three days of this dietary restriction, 
24-hour urine collections were made; three milliliters of 
concentrated hydrochloric acid were placed in each col- 
lecting bottle as One one-hundredth of 
the total 24-hour urine volume was diluted tenfold with 
distilled water and the pH adjusted to 10 with concen- 
Uitraviolet absorbing com 
ponents in the urine were separated by collection of frac- 


a preservative. 


trated ammonium hydroxide. 


tions in which absorption was increased according to the 
of chromatography 
scribed by Cohn The diluted urine was passed 


ion-exchange column de- 


(0). 


method 
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10.0 
85,000 
47 
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(Dowex-l, 
chloride form, bed size 12 cm. > After wash- 
ing to neutrality with water, the column was eluted with 
0.003 N hydrochloric acid; this eluate was collected in 
20 ml. fractions. The ultraviolet absorption of succes- 
sive fractions was measured in a Beckman quartz spectro- 
photometer, Model DU, at a wave length of 260 milli- 
These collections were then distilled to dry- 
ness in vacuuo at a temperature not exceeding 50°C. 


through a column of anion exchange resin 


i.77 cm’). 


microns. 


The residue was redissolved in distilled water, 1.0 ml.; 
0.1 ml. of this solution was then spotted on a strip of 


JMcK 
Leukemic Urme (Chronic Myeloid) 
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40; PEAK 
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ANION EXCHANGE SEPARATION OF SUBSTANCES IN NorMAL (la) 


AND Myetorp Leukemic (lb) Urine 


Conditions for adsorption and elution are described in text. 
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Whatman No. 1 filter paper for paper chromatograp ic 
studies. Ascending chromatograms were developed over- 
night using a 5 per cent K,HPQO,-isoamyl alcohol mixture 
as solvent as described by Carter (7). 
air at 60°C., component ultraviolet absorbing compounds 


After drying in 


were identified by exposure in the dark of the chromato 
gram to a source of ultraviolet light (Mineralight lamp, 
Model SL 2537). 
recovered from the chromatogram by cutting the areas 


For spectral analysis, the spots were 


showing absorption into small strips and eluting with wa 
ter at 37°C. overnight. 


RESULTS 


Representative diagrams of ultraviolet absorb- 
ing components in normal and leukemic urine 
eluted from the anion exchange column are seen in 
Figures la and 1b, respectively. Comparison of 
these two elution graphs shows in each instance 
the presence of two absorbing peaks, both of which 
are greater in the leukemic than in non-leukemic 
urine. The increased absorption of the first peak 
was seen in all five of the leukemic specimens ex- 
amined (Table II), ranging in the leukemic urine 
from 5900 to 11,260 and in the normals from 3700 


to 5480 260 my absorption units * per 24 hours. 


TABLE II 


Quantitation of ultraviolet absorbing peaks recovered from 
anion exchange column chromatography of 
leukemic and non-leukemic urine 


Peak I 
Units* per Units* per 
24 hrs. 24 hrs. 
(260 mu) (290 my) 


7,280 
8,160 
11,260 
7,340 
5,900 


Peak IJ 

Mg. uric 
acidt per 
24 hrs 


458.9 
774.6 
960.6 
589.0 
454.0 


Patient 


26,620 
44,930 
55,720 
34,165 
26,330 


7m 
B. W. 
EW. 
J. McK. 
R.N. 


$ 5,480 
H. 4,950 
3,700 
4,900 


Myeloid 
Leukemics 


24,180 
20,140 

9,300 
13,360 


416.8 
347.2 
160.3 
230.3 


C. 
Normals D. 
S. M. 
C. W. 


* See footnote 2 to text. 
+ See text for method of converting absorption units to 
milligrams. 


Paper chromatography of this fraction in nor- 
mal urines showed the development of one ultra- 
violet absorbing component with an Rf value of 
0.78 (Figure 2). This component was also pres- 
ent in leukemic urines and gave a positive quali- 


* The number of absorption units was obtained by mul- 
tiplying the volume of the effluent fraction by its optical 
density at the wave’ length specified. This value was 
then multiplied by 100 for the total 24 hour quantitation. 
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DIAGRAMS OF REPRESENTATIVE PAPER CHROMATO- 


GRAMS OF PEAK I URINE FRACTIONS 
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Rf values represented within each spot. N = Normal 
urine; A = Patients J. S., B. W., and R. N.; B = Patients 
J. McK., and E. W.; Ur= Uracil. Dotted areas rep- 
resent fluorescent areas without significant absorption. 
Similar fluorescent spots are present in all chromatograms 
but are not included in the diagrams. 
tative test for phenols (8). Four ultraviolet 
fluorescent spots were also developed; these did 
not show significant absorption, however. 

In paper chromatograms of this fraction from 
three of the leukemic urines examined (Figure 
2A), an ultraviolet absorbing substance with an Rf 
value of 0.7 was seen; this compound was not 
present in normal urine. In all three instances, 
the ultraviolet spectrum of this component was the 
same (Figure 3a) and was similar to that of uracil 
(Figure 3b). Also, this compound was similar 
to uracil in its paper (Figure 2, Ur) and anion 
exchange chromatographic properties. Further- 
more, this substance supported growth* for a 
yeast mutant Saccharomyces cerevisiae, reported 
by Pomper (9) to require uracil, uridine, uridylic 


acid, or 5 nitro uracil for growth. Of this group 


3 The author is grateful to Dr. Irwin A. Rose, pres- 
ently of the Department of Pharmacology, New York 
University, who performed these microbiological studies. 
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of substances, the spectral properties of this com- 
pound from leukemic urine identify it as uracil 
(10). 
urine of two patients (R. N. and J. S.) showed a 
24-hour excretion of 40.5 mg. in each patient (1.0 


Quantitation of the uracil excreted in the 


mg. uracil = 74 absorption units at 260 mp). 

In similar paper chromatograms of this first 
fraction of urine specimens from the other two 
leukemic patients (Figure 2B), uracil was not 
found. 
with an Rf value of 0.65 was observed which was 


However, in each instance a component 
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AND OF 
not present in normal urine. The ultraviolet ab- 
sorption spectrum of this component was the same 
in both specimens and is recorded in Figure 4. 
Further characterization of this component has 
not been accomplished. Nothing in the clinical 
evaluation of these patients was apparent to ex- 
plain the presence of this different component in 
the urine of these two patients. 

The second ultraviolet absorbing fraction of the 
elution diagrams (Peak II, Figure la and b) in 
all specimens demonstrated maximum absorption 
at 290 
From the extinction coefficient of uric acid at this 
wave length (1.0 mg. uric acid = 58 units at 290 
my), the 24-hour excretion of uric acid can be 
quantitated. Table IT. 
Under the conditions of this experiment, the uric 


millimicrons and represents uric acid. 


These values are shown in 


acid excretion in the four control subjects varied 
from 160.3 to 416.8 mg. per 24-hour urine speci- 
In the five leukemic patients, the urinary 
excretion of uric acid varied greatly from patient 


men. 


to patient ranging from 458.9 to 960.6 mg. per 24 
hours. In two of these (E. W. and C. W.) the 
elevation was marked, 960.6 and 774.6 mg. per 
24 hours, respectively. In one (J. McK.), the 
elevation was moderate, 589.0 mg. per 24 hours. 
In the remaining two (J. S. and R. N.), the values, 
438.9 and 454 mg. per 24 hours, respectively, were 
not greatly increased above those obtained in some 
normals. Again, there was nothing apparent in the 
clinical evaluations of these patients to explain 
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these differences in uric acid excretion. Further- 
more, the increased excretion of uric acid could 
not be correlated with the urinary excretion cf 


uracil in this group of patients. 


DISCUSSION 


The presence of uracil in the urine of some per- 
sons with myeloid leukemia again brings atten- 
tion to abnormalities in nucleic acid metabolism 
in this disease. Since uracil is a primidine com- 
ponent of RNA and not of DNA, this finding 
suggests the relationship of altered RNA metabo- 
lism to the abnormal growth and maturation of 
leukocytes in these patients. 

The recent work of Caren and Morton (11) in- 
dicates that the metabolic fate of exogenous uracil 
in man involves rupture of the pyrimidine ring 
with excretion of most of its nitrogen as urea. 
However, work in this laboratory (12) has shown 
that a small amount of uracil is excreted as such 
when administered to normal persons. Thus, 
when two grams of uracil were given orally, about 
126 mg. were recovered intact in the subsequent 
24-hour urine collection. 

The urinary excretion of uracil in some myeloid 


leukemics indicates its production endogenously 


in amounts which cannot be cleared by existing 
catabolic processes. Our present limited knowl- 
edge of nucleic acid metabolism in man, especially 
of the pyrimidines and their intermediates, per- 
mits only a speculative analysis concerning possible 
mechanisms for this increased endogenous uracil. 
The possibility exists that this is the reflection of 
increased destruction of immature cells, the RNA 
content of which is very high. However, the fail- 
ure to recover thymine, a pyrimidine characteristic 
of DNA, seems against total cellular destruction 
as the mechanism. Furthermore, in two of the 
patients who excreted uracil (J. S. and R. N.), the 
excretion of uric acid did not reflect greatly ex- 
cessive tissue destruction. 

Other mechanisms which result in increased en- 
dogenous uracil might include (7) an extremely 
rapid turnover in RNA metabolism or (2) in- 
creased endogenous production of uracil which 
is not incorporated into cellular nucleic acid. The 
former explanation does not seem feasible in view 
of the high concentration of RNA present in leu- 
kemic cells (1, 2); and again, because of failure 
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to demonstrate a proportional rise in uric acid ex- 
cretion which would reflect increased breakdovn 
of purine moieties of nucleic acid. Speculatively, 
the latter mechanism might imply some abnor 
mality in the intermediary metabolism of pyrimi- 
dines. Further study is needed, however, for 
clarification of this as a possible metabolic aberra- 
tion in these patients. 

Increased endogenous uracil might also result 
from a deficiency in enzyme systems concerned in 
the catabolism of the pyrimidine ring to urea and 
oxalic acid. Uracil tolerance studies in normal and 
in leukemic persons now in progress in this labora- 
tory may provide information concerning this as 
a possible mechanism. 

The significance of the abnormal ultraviolet ab- 
sorbing component recovered in patients J. Meck. 


and E. W. 


substance. 


awaits further characterization of this 
However, its presence in two leukemic 
patients and its absence in normals suggests some 
relationship to the leukemic process in these indi- 
viduals. 

SUMMARY 


1. Abnormal ultraviolet absorbing substances 
have been identified +4 the urine of five patients 
with myeloid leukemia. 

2. In three of these patients, the pyrimidine ura- 
cil has been identified spectroscopically, chromato- 
graphically, and microbiologically. 

3. In the other two patients, another substance, 
identified chromatographically and spectroscopi- 
cally, was excreted; this substance has not been 
further characterized. 
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A few recent communications deal with electro- 
phoretic observations concerning the effect of 
heparin on alimentary hyperlipemia. Nikkila (1) 
found by moving boundary electrophoresis a de- 
crease of beta-1 globulin and an increase in alpha-1 
globulin after the injection of heparin. Rosen- 
berg (2) and Fasoli (3) noted on paper electro- 
phoresis an increase in the mobility of the beta 
lipoproteins which migrated in or near the alpha-2 
On the other hand, Spitzer (4) 
stated that administration of heparin does not alter 


globulin area. 


the electrophoretic patterns of serum proteins in 
either fasting or lipemic dogs. 

To obtain further information about the effect of 
heparin on the plasma proteins in alimentary hy- 
perlipemia normal individuals were given a meal 
rich in fat and thereafter the electrophoretic pat- 
tern of the serum was studied both before and after 
the intravenous injection of heparin. Electropho- 
retic analysis was made by paper electrophoresis 
as well as by moving boundary electrophoresis. 
The results of these studies are described in this 


paper. 
MATERIALS AND METHODS 


Collection of blood. Ten ml. of blood were withdrawn 
from eight normal individuals in a fasting state, after 
which a meal was given consisting of one pint of heavy 
cream, 16 Gm. of cocoa and 32 Gm. of sugar. Four and 
one-half hours after the ingestion of the meal, another 
10 ml. of blood were withdrawn and subsequently 50 mg. 
of heparin (Lederle) were injected intravenously. Fif- 
teen minutes after the injection of heparin, 10 ml. of 
blood were taken again. The blood samples were allowed 
to clot at room temperature, then were centrifuged and 
the serum removed with a pipette. 

Analytical methods. For paper electrophoresis the 
method of Grassmann and Hannig (5) was used. Serum 
in the amount of 0.02 ml. was placed on a paper strip 
(Whatman No. 1) and the electrophoresis chamber was 


1 This investigation was supported by a research grant 
A-414(C2) from the National Institute of Arthritis and 
Metabolic Diseases, of the National Institutes of Health, 
Public Health Service. 


filled with sodium barbital-sodium acetate buffer of pH 
8.6 and ionic strength 0.1. Electrophoresis was carried 
out at 110 volts for a period of 12 hours in a room at 
constant temperature. In order to determine the rela- 
tionship of the lipids to the protein fractions, two paper 
strips were used simultaneously in one chamber under 
identical experimental conditions. One paper strip was 
dried at 100° C. and stained with Amidoblack 10 B for 
detection of proteins. 
and stained with Sudan Black B according to the tech 
Swahn (6) for the 
Moving boundary electrophoresis was carried out in a 
Perkin-Elmer model 38 
paratus, using a barbital-sodium citrate buffer of pH 8.6 
strength 0.1. Prior to 
serum was dialyzed for 12 hours in this buffer. 


The other one was dried at 37° C. 


nique of determination of lipids 


Tiselius electrophoresis ap- 


and ionic electrophoresis, the 


The turbidity of the plasma samples was determined 
according to the method of Geyer, Mann, and Stare (7), 
except that the difference between the reading for the 
sample and the blank was divided by 10 and expressed 
in units. 


RESULTS 
Paper electrophoresis 


In the fasting state two distinct bands were found 
on the paper strips stained for lipids. One in- 
tensely stained band was present in the area of the 
beta globulin, corresponding to the beta-lipo- 
proteins; the other, less intensely stained, was in 
the area of the alpha-1 globulin, corresponding to 
the alpha-lipoproteins (Figure 1 A). 

The samples of serum taken four and one-half 
hours after the ingestion of the fat meal showed 
a third and new lipid band due to the chylomicra, 
near the starting line where the hyperlipemic se- 
rum had been placed on the paper strip (Figure 
1B). 

In the samples obtained fifteen minutes after 
the intravenous administration of 50 mg. of heparin 
The lipid 


material near the starting line had disappeared ; 


the following changes were observed. 


the lipid band normally present in the beta globu- 
lin area then appeared in the area of alpha-2 or 
even alpha-1 globulin, and instead of the lipid band, 
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P p L 


ELECTROPHORETIC PATTERNS OF THI 


Fic. 1 


SERUM OF A 


PAPER 
NORMAI 
.N ALIMENTARY HyPERLIPEMIC STATE (B) 


INDIVIDUAL IN A FASTING STATE 
(A) AND IN 

The paper strips marked P are stained for proteins, 
those marked L are stained for lipids. In the fasting state 
(A) on the lipid stained paper strip (LL) an intensely 
stained band is present in the beta globulin area and a less 
intensely stained band in the alpha-1 globulin area. In 
(B) a 


lipid stained paper strip (L) 


the alimentary hyperlipemic state new band is 


present on the near the 
starting line where the serum was placed. 

normally present in the alpha-1 globulin area, 
lipid material migrated ahead of the albumin (pre- 
The 


strips stained for proteins did not show any pro- 


albumin component) (Figure 2). paper 


tein component ahead of the albumin. The rela- 
tive values of the protein fractions of the sera 
taken during the fasting state, after the ingestion 
of fat and after the injection of heparin, showed no 
significant changes. The phenomena described 
above were observed in all eight cases studied. 


Moving boundary electrophoresis 


In the fasting state normal electrophoretic pat- 
terns were obtained in each of the eight cases. 
After the ingestion of the fat meal the serum be- 
came markedly turbid and it was therefore im- 
possible to obtain satisfactory electrophoretic pat- 
terns in all eight cases. In the ascending pattern 
the albumin, alpha-1 and a part of the alpha-2 
globulin peak were well visualized, while the rest 
of the pattern was rather faint and sometimes in- 
visible. In the descending pattern the contrary 
eccurred and the albumin, alpha-1 and a part of 
the alpha-2 globulin peak were faint. 


This sug- 
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HURLEY 


gests that the chylomicra, which contribute largely 
to the turbidity, migrated with the approximate 
mobility of alpha-2 globulin and scattered the in- 
cident light intensively, causing incomplete ex- 
After the in- 
jection of heparin, concomitant with the decrease 


posure of the photographic film. 


in turbidity, this phenomenon was either absent 
or present to a much lesser degree, so that distinct 
patterns were obtained. 

Secause the patterns were severely obscured 
in three cases, calculation of the relative values 
of the protein fractions in the hyperlipemic sera 
was possible only in five cases. In the five cases 
the average of the relative values for alpha-1, 
alpha-2, and beta-1 globulin were slightly increased 
as compared with the values obtained during the 
fasting state. The alpha-1 globulins increased 
from 6.7 to 7.9 per cent, the alpha-2 globulins 
from 8.3 to 9.4 per cent, and the beta-1 globulins 
from 13.2 to 14.0 per cent of the total proteins 
(Table I). 

After the injection of heparin the electropho- 
retic pattern was changed in all eight cases. There 
was a marked decrease in the size of the beta-1 
globulin peak together with an increase in the 
alpha-1 or alpha-2 globulin peak, or in both of 
them. 
beta-1 globulin was decreased from 13.2 to 8.6 


In comparison with the fasting values, the 


per cent, and the alpha-2 globulin was increased 
from 8.3 to 9.9 per cent, and the alpha-1 globulin 
incgeased from 6.7 to 9.0 per cent of the total pro- 
teins (Table I). 

In the serum withdrawn after the injection no 
pre-albumin peak was seen on the photograph 
taken after the usual 55 minutes of electrophoresis. 
This was in contrast to the observations made by 
paper electrophoresis where a distinct pre-albumin 
component was present. This discrepancy was 
explained by studying the developing electropho- 
retic pattern. A pre-albumin peak appeared after 
10 minutes, remained in the visual field for a 
maximum of 40 minutes and was no longer visible 
The mobility of the 
pre-albumin component was calculated in one 


at 55 minutes (Figure 3). 


case giving a value of — 9.8 x 10° cm?./volt sec 
compared with a normal value of — 6.0 x 10° 
cm*./volt sec for albumin. The pre-albumin com- 
ponent could, however, be demonstrated after 55 
minutes of electrophoresis. This only occurred 
if the protein solution in the U-cell was not pushed 
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ALIMENTARY 
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HYPERLIPEMIA 
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AN ALIMENTARY HyPERLIPEMIC SERUM 
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P is stained for proteins, L is stained for lipids. 


On the lipid stained paper strip, a 


pre-albumin component can be seen and another lipid material in the alpha-2 globulin 


area. 


down by addition of buffer to make a_ visible 
boundary, as is usually done at the beginning of 
an electrophoretic experiment. In that case the 
protein fractions had to migrate a longer distance 
and, after 55 minutes, a pattern was obtained show- 
ing the various protein fractions including the pre- 
albumin peak. 

The relative concentration of the pre-albumin 
component was calculated from the electrophoretic 
patterns after 30 minutes. The values ranged 
from 3.4 to 7.9 per cent, averaging 5.6 per cent of 
the total concentration of the serum proteins. 


Turbidity 

The average turbidity values of the plasma in- 
creased after the ingestion of fat from the normal 
3.0 units to 11.3 units, and decreased to 7.1 units 
fifteen minutes after the injection of heparin. 


Controls 


Control observations were made on five of the 
same persons, used in our studies. Heparin in the 
amount of 50 mg. was injected intravenously dur- 
ing the fasting state. In the paper electrophoresis 


no changes were found in the distribution of the 


rABLE I 


Average values of the serum protein fractions obtained on eight normal individuals by moving boundary electrophoresis * 


Pre- 
albumin 
component 


State of serum Albumin 


alpha-1 = alpha-2 


Relative electrophoretic values in ©% of total protein 
1 


Turbidity 
of plasma 
in units 


Globulin 


beta-2 


beta-1 gamma 





6 
7 
9 


54.8 
51.1 
53.5 


Fasting — 
Hyperlipemict - 
Post heparin 5.6 





| 
9 
0 


y 3.0 


11.3 
tea 


8.3 
9.4 
9.9 


3. 
4. 
8. 


( 
€ 


* The values for the pre-albumin component are those obtained after 30 minutes, because at the end of the experi- 


ment (55 minutes) this component had migrated beyond the visual field. 
+ Average values of only five cases because the serum was too turbid in the other three to permit calculation. 
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Pre-Albumin Component 


Two ELECTROPHORETIC PATTERNS OF AN ALI- 


SERUM 


Fic. 3 


MENTARY HyPpERLIPEMIC AFTER INTRAVENOUS Apb- 


MINISTRATION OF HEPARIN 

The photograph on the left was taken 30 minutes after 
the beginning of the experiment and shows the pre-albu- 
min component. The photograph on the right was taken 
after 55 minutes when a pre-albumin component was no 


longer visible 


lipids among the protein fractions nor was any 
pre-albumin component observed, and the patterns 
obtained by moving boundary electrophoresis 
showed no significant changes of the protein frac- 
tion values.” 


DISCUSSION 


The most important result of the experiments 
was the detection of a pre-albumin component, not 
previously observed in alimentary hyperlipemia 
after the intravenous injection of heparin. Lever, 
Smith, and Hurley (8) had found a pre-albumin 
component, after the injection of heparin, in the 
fasting plasma of patients with idiopathic hyper- 
lipemia. This pre-albumin component had a 
slower mobility than the one observed in this study, 
and it could be easily demonstrated after the nor- 
mal duration of an electrophoretic experiment by 
the moving boundary electrophoresis. 

In the present study the combined use of paper 
electrophoresis and moving boundary electrophore- 
sis proved very satisfactory. In the Tiselius elec- 


trophoresis apparatus the presence of the pre-al- 


bumin peak might have been easily overlooked 


? This observation is at variance with a study reported 
from this laboratory (8) in which two of seven normal 
individuals had shown changes in their electrophoretic 
pattern following injection of heparin. It is possible that 
these two individuals had not been in a strictly fasting 
State. 
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because of its fast migration, but it could be easily 
demonstrated on paper strips. Furthermore, the 
patterns on the paper strips represented specific 
color reactions, which gave also some information 
on the chemical nature of the separated fractions. 
However, from the fact that the pre-albumin com- 
ponent did not appear on the paper strips stained 
for proteins, one cannot conclude that protein was 
absent. The method is not sensitive enough to 
show very small quantities of protein. 

That the pre-albumin component is not due to 
heparin itself is proved by the fact that the injec- 
tion of 50 mg. of heparin during a fasting state 
never produced a component migrating ahead of 
the albumin. Hoch and Chanutin (9) and Blasius 
and Seitz (10) found that heparin itself formed 
a peak ahead of the albumin if large quantities of 
heparin were added to plasma in vitro. The con- 
centration of heparin in the present experiments, 
however, was far too low to produce such a peak. 
Since the pre-albumin component was well stained 
with Sudan Black B, a dye specific for lipids, it 
is established that it contains a relatively large 
amount of lipids. 

To explain the fast mobility of the pre-albumin 
component and the increase in the mobility of the 
beta-lipoproteins to that of the alpha globulins, 
one could assume that a combination of heparin 
with the lipoproteins occurred (8). Since heparin 
has a high negative electric charge it could cause an 
increase in the mobility of the complex toward the 
anode in the electric field. In such a case the ques- 
tion arises as to whether the 50 mg. of heparin 
which were injected, if combined with the total 
lipoproteins, would be 
Shore, Nichols, 
and Freeman (11) have shown that human plasma 


amount of circulating 


enough to cause this phenomenon. 


obtained after the intravenous administration of 
heparin has a lipolytic action, releasing fatty acids 
from lipoprotein molecules im vitro. Since by 
lipolysis smaller lipoprotein molecules are formed 
(12) this could contribute to the greater mobility 
of both lipoprotein classes. However, we did not 
see in our paper electrophoresis studies any signi- 
ficant increase in alpha-lipoproteins after action 
of heparin, as might be expected from the studies 
of Boyle, Bragdon, and Brown (13), indicating an 
enzymatic conversion of one lipoprotein class to 
another. Recently, Gordon, Boyle, Brown, 
Cherkes, and Anfinsen (14) stressed the role of 
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serum albumin in the lipemia clearing reacticn, 
namely the binding of fatty acids released during 
this reaction. Though fatty acids increase the mo- 
bility of albumin (15), the fast moving pre-albumin 
component is not due to a combination of albumin 
with fatty acids. In our experiments with paper 
electrophoresis, the pre-albumin component could 


be stained with lipid dyes, but not with proteim 
dyes. In control experiments, however, fatty acids 
increased the speed of migration of pure albumin 
toa marked extent, but the fatty acid-albumin com- 
plex could only be stained by protein dyes and not 
by lipid dyes. 

The electrophoretic changes, although effected 
by the injection of heparin, are probably not spe- 
cific for heparin. Oncley and Gurd (16) observed 
an increase in the rate of electrophoretic migration 
in beta-lipoprotein preparations which had been 
stored for a long time. We found that storage of 
both fasting and hyperlipemic sera in a refrigerator 
at 5° C. for three to four weeks gave paper elec- 
trophoretic patterns similar to those after an in- 
jection of heparin. On the paper strips stained 
for lipids a pre-albumin component was seen, and 
the beta-globulin lipid material migrated with the 
speed of the alpha globulins. 


SUMMARY 


1. The effects of intravenously administered 
heparin on the plasma proteins and lipids in ali- 
mentary hyperlipemia were studied in eight nor- 
mal individuals by paper electrophoresis and mov- 
ing boundary electrophoresis. 

2. After the injection of heparin analysis of the 
serum by paper electrophoresis with subsequent 
staining for proteins and lipids revealed that the 
lipid band, normally present in the beta globulin 
area, was then in the area of alpha-2 or alpha-1 
globulin. Instead of the lipid band, normally pres- 
ent in the alpha-1 globulin area, lipid material mi- 
grated ahead of the albumin. 

3. Moving boundary electrophoresis showed 
a decrease in the beta-1 globulins and an increase 
in the alpha-2 or alpha-1 globulins or both. A 
pre-albumin component was also observed. 
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The size of this audience, year after year, is an im- 
pressive testimonial to the vital and still growing interest 
in clinical investigation. To a large extent it exemplifies 
the great desire of a constantly increasing number of 
young men to make significant medical contributions of 
in academic medi- 


their own, to have full-time careers 


cine. As long as this trend continues, one can look to the 
future with confidence and keen anticipation that our un- 
derstanding and control of disease will continue to become 
The 


ever, is confronted with ever increasing competition for 


more complete. young clinical investigator, how- 
the most desirable academic positions, with complex du- 
ties that often provide him too little time for creative 
thought, and with the seek more 


temptation to money 


for his laboratory than he can wisely use. These are 


factors which may eventually dampen enthusiasm = or 
otherwise adversely influence clinical investigation so as 


to reverse the trend. 


T 
4 


It has been traditional for young men to start out with 
the conviction that the only academic jobs really worth 
as chairman 


having are those as chief of the service or 


of the department. We have surrounded those positions 
with an aura, a sense of reverence which has at least the 
faint aroma of hero worship. I have heard house officers 
and research fellows discuss repeatedly the fact that these 
coveted jobs have increased very little in number while 
the men who seek them have grown to the size of a small 
army. They feel that our frontiers are gone, our era of 
expansion over so that here, as in many European coun 
tries excellent will have to turn from uni- 


men away 


versities in increasing numbers because opportunities 


have not kept pace with interest. I would like to argue 
that the reverse is true, that opportunities have multiplied. 
To accept and believe this statement, however, we need 
to keep values straight and not worry about titles. 

As faculties have been expanded during the past ten or 
fifteen years, jobs have been created that are really better 
than the one the Chairman has. He sets policy, to be 
sure, is regarded with more esteem by the community, 
and receives the largest salary; but with the expansion 
he has had more and more administrative detail, more 
committee meetings to suffer through, more responsibitity 
to make certain that his associates have what they need, 
and less free time for his own scientific interests. By 
contrast, the other one or two professors in his depart- 
ment, the associate and the assistant professors, have 
more freedom, more time to work on the wards or in 
the laboratory, more leisure to think. The wise policy of 
establishing divisions within a department, and of giving 


division heads a large measure of autonomy, provides 
the sense of independence that most people need to have. 
It is difficult to understand, then, why these jobs shouldn’t 
be so satisfactory that the men who hold them would 
be content with them for life, covet them as the remark- 
Most of them are now com- 
The 
assistant professor in a medical school often has an income 
which equals that of a department chairman in other 


able opportunities they are. 
ing to offer tenure so that security is not involved. 


branches of the University. In terms of academic stand- 
ards, therefore, income is usually good although it ob- 
viously won't allow standards of living comparable to those 
of men in practice. Perhaps the desire to run things, to 
be “top dog” is so strong in the human race that the se- 
curity, the opportunity and freedom to work within a Uni- 
versity on problems of one’s own choosing just won't 
provide to most people the measure of satisfaction they 
want from life. I am naive enough, however, to believe 
that if we would stop blowing up the professor as if he 
were some superhuman colossus, and would wave a flag 
more vigorously for the other jobs within a department, 


we might be able to focus on them as the prizes they are. 


II 


But if non-administrative departmental positions are 
to be kept so attractive that men will accept them as life- 
time opportunities, both the departmental chairman and 
his men have a job to do. The former, confronted with 
increased teaching and service responsibilities himself, 
must not ask his associates to take over so many of these 
duties that he destroys their creative effectiveness. His 
task here is not an easy one. During the period of ex- 
pansion most of us have recently been through, depart- 
ments have been asked to take over the responsibility for 
more patients in their own university hospitals, in 
veteran institutions and in community hospitals which 
wanted to affiliate with the University. Any decision by 
a medical school that the saturation point has been reached 
is likely to prove unpopular. Most schools have yielded 
to pressure by increasing the size of their classes, often 
to the point of greatly reducing faculty-student ratios. 
The departmental chairman has to be most ingenious un- 
der these circumstances in order not to overload his men. 
In addition, he must give them all the autonomy possible, 
must make every effort to see that they get the recogni- 
tion they deserve, and must fight to keep their incomes 
adequate. 

But those of us who have never been chairman of a 
department often blame the chief of the service too much, 
and ourselves too little, when free time vanishes. The 
traps we fall into are fairly obvious, but most men never 
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learn to avoid them: too many speaking engagements, too 
many conferences, too many committee meetings. One 
might follow that by saying: too much talk, too little 
work. It is reminiscent of th® New Yorker story about 
a maid who quit her job because there was “too much 


Most 
men appreciate the recognition provided by these outside 


switchin’ of the dishes for the fewness of the food.” 


assignments, of course, and have a responsibility to ac- 
cept their share, but the proper balance is hard to keep. 
Then there is the temptation to take oneself out of the 
academic income bracket by seeing more and more private 
additional extraneous duties 


patients or by assuming 


mostly because of the money involved. The price we have 
to pay in medicine, particularly in clinical departments, 
for the great privileges of an academic life, for the stimu- 
lating association with brilliant colleagues, for the op- 
portunity to do just what we want to do, is so much less 
than that required of our other university associates that 
most salary protests have a hollow ring. Income bought 
at the expense of free time for creative work will certainly, 
for the investigator, seem like a poor investment when 
the age of 65 or 68 rolls around. 


III 


The danger also exists that each division head, when 
given a large measure of autonomy, will be tempted to 
build a little empire of his own without regard for the 
structure of the department as a whole. There is a dis- 
As departments in- 
creased in had to use for 
salaries the money that formerly had supported research. 


ease which is fostered by this system. 
size, most medical schools 
Governmental and foundation research funds, fortunately, 
Each man was 
There then 


became more plentiful and filled the hole. 
told to apply for his own research grants. 
developed what may be called the “centrifuge-scintillation 
Formerly, one or two cen- 
trifuges would suffice for a whole department. Now, 

This disease 
There is acute 


counter-Beckman disease.” 


every laboratory must have at least one. 
has characteristic symptoms and signs. 

depression if the laboratory budget is less than $100,000 
a year. There is unhappiness if there are so few fellows 
and technicians that the principal investigator has to do 
any work himself. No experiment involving radioactive 
isotopes can possibly be undertaken unless the laboratory 
has at least one counter from every instrument company 
in the field. There are more pieces of equipment than 
ideas. There is an amazing lack of any sense of re- 
sponsibility for the wisest possible use of the funds. I 
think this preoccupation with equipment and large opera- 
tions unfortunate, not only because of the waste involved, 
but because it tends to generate a false conception of re- 
search. It involves young men in the task of using instru- 
ments to pick up little pieces of information that have 
been passed over by more original investigators, en- 
courages them to remain in laboratories past the time 
when they should have realized that their talents lay 
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principally in other directions, or denies them the chance 


to explore more exciting leads because a longer time might 


be needed to obtain publishable results 


IV 


This harangue was prompted only by: 1) the hope of 
convincing young men that the medical academic ladder 
is not as clogged as is the membership of this Soceity, 
2) the desire to plea that non-administrative departmental 
jobs be organized to preserve the freedom necessary for 
active investigative programs, and 3) by the fear that 
unwise use of research funds may discourage the proverbial 
Lastly, I would like to talk briefly about the meet 


MEMBERSHIP DISTRIBUTION 
AMERICAN SOCIETY FOR CLINICAL INVESTIGATION 


gz ose. 
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Figure 1 
ing place of this Society. The meetings of the American 
Society for Clinical Investigation exert a tremendous in- 
fluence on young men, and on clinical investigation as a 
whole in the United States. Ninety-two men or 34 per 
cent of our membership now come from the middle west 
or far west (Figure 1). House officers and fellows from 
these areas, year after year make the pilgrimage to 
Atlantic City at great expense to themselves or to their 
department, but only a fraction of them can make the 
trip. 
ognize the “American” in our name, to meet in other sec- 


The time has come, it seems to me, for us to rec- 
tions of the country as well as here. On purely demo- 
cratic grounds there is no right at present to ask that 
more than one out of every three meetings be held in a 
That, at least, should be done so that 
the splendid influence of these sessions can be spread over 


central location. 
a broader section of the country. Men have discussed such 
a plan on the Boardwalk for years; councils have debated 
it; the time is ripe for one of your presidents to recom- 
mend it from here. 





ABSTRACTS 


Observations on the Capacity of Serum Alpha Globulin to 
Bind Thyroxin in Vitro. Epw1n C. AcBricut, FRANK 
G. Larson and Wiitiam P. Derss, Madison, Wis. 
(Introduced by Ovid O. Meyer). 


Previous studies demonstrated the association of thy- 
roxin with a specific serum alpha globulin in vivo. This 
specific alpha globulin binding was also demonstrated 
in vitro using I” labelled thyroxin. 

The thyroxin binding capacity of this protein was 
studied in hyperthyroid, euthyroid and hypothyroid sub- 
jects. Quantities of I’ labelled thyroxin were added to 
serum to yield concentrations of from .05 to 1.0 micro- 
grams/milliliter. The thyroxin serum mixtures were 
subjected to paper zone electrophoresis at pH 8.6 (0.1 M 
veronal buffer). Following electrophoresis the distribu- 
tion of radioactivity was determined. 

In all sera the thyroxin appeared in the alpha globulin 
zone. At the lowest concentrations used (.05 to .1 micro- 
grams/milliliter) only a very small amount of thyroxin 
appeared in the albumin. As the concentration of thyroxin 
was increased from .1 to 1.0 micrograms/milliliter a 
greater proportion of thyroxin appeared in the albumin 
as the alpha globulin binding capacity appeared to become 
relatively saturated. The concentration of tnyroxin re- 
quired to produce equal distribution of radioactivity be- 
tween the alpha globulin and albumin zones has been used 
as a convenient measure of alpha globulin thyroxin bind- 
ing capacity. This equilibration was found to occur with 
concentrations of .2 to .5 micrograms/milliliter in the 
hyperthyroid sera, from .6 to .8 micrograms/milliliter in 
the euthyroid and approximately 1 microgram/milliliter 
in the hypothyroid. Addition of iodide in vitro in con- 
centrations from .001 to 10 micrograms/milliliter did not 
affect the thyroxin binding capacity. Administration of 
Lugol’s solution to the hyperthyroid subjects appeared 
to increase thyroxin binding capacity somewhat. 

It appears that im vitro thyroxin binding capacity of 
serum alpha globulin varies inversely with the state of 
thyroid gland activity. This is assumed to indicate that 
this protein in hyperthyroid subjects is relatively sat- 
urated with endogenous thyroxin, and conversely rela- 
tively unsaturated in the hypothyroid. 


Water Content of Hyperlipemic Serum. Marcaret J. 
ALBRINK, PauttneE M. Harp and Evetyn B. Man, 
New Haven, Conn. (Introduced by C. N. H. Long). 


The displacement of serum water by the lipids of 
lactescent serum was forcefully demonstrated in a pa- 
tient whose low serum electrolyte values were directly 
attributable to the large volume occupied by the insoluble 
lipids of his serum. The patient, an 18 year old boy 
with long-standing skin xanthomas, was admitted with 
mild diabetic acidosis and markedly lactescent serum. 


His serum sodium was 103 mEq./L. and his serum chlo- 
ride was 75 mEq./L., values quite out of keeping with the 
mildness of his illness. When the insoluble fat was re- 
moved from the serum by ultracentrifugation, the sodium 
content of the clear subnatant fluid was 135 mEq./L. and 
the chloride 100 mEq./L. The serum water determined 
gravimetrically was 73 gm./100 ml. serum. The total 
fatty acids were 526 mEq./L., and the cholesterol 1219 
mg. per cent. 

An ensuing study of sodium, water, and lipid content 
of several lactescent sera revealed that as lipids increased 
there was a growing discrepancy between serum sodium 
and sodium recalculated in terms of serum water. 

These findings prompted a search for a rapid and simple 
method for the estimation of serum water. A preliminary 
study indicates that a method involving the measurement 
of freezing-point depression of serum before and after ad- 
dition of a known amount of dry sodium chloride meets 
this requirement. The determinations, requiring 2 ml. of 
serum, were accomplished by means of a freezing-point 
osmometer calibrated to give the osmolarity of the fluid 
analyzed. 

Determinations were carried out on 10 different samples 
of biologic fluid, including several lactescent sera. The 
water content of these samples ranged from 78 per cent 
to 99 per cent. The values obtained osmotically agreed 
within one per cent with those obtained by the gravi- 
metric method. 

This method has the advantage of affording a direct 
estimation of serum osmolarity. 


Elevated SPCA (Convertin) Complex in Pregnancy. 
Its Possible Role in Pathogenesis of Thromboem- 
bolism. BENJAMIN ALEXANDER,* LILLIAN MEYERS, 
Ropert GOLDSTEIN, Victor GuREWICH and LESTER 
Grinspoon, Boston, Mass. 


Although abnormal coagulation has been incriminated 
as a basic cause of thromboembolism, convincing evidence 
is lacking. Recent identification of new clotting factors 
raised the possibility that abnormalities in one or more 
of these substances might underly the development of 
thromboembolic disease. To explore this, the pregnant 
state was selected because it constitutes a common, tem- 
porary, reversible, relatively physiologic “deviation” 
which is frequently complicated by thromboembolism. 

In a study of 57 pregnant women the plasma Spca 
complex was distinctly elevated, prothrombin less fre- 
quently and to a lesser extent. The Spca tended to in- 
crease further as term approached, and reverted toward 
normal within days after delivery. The average Spca of 
the gravid was 189% of normal (Owren method) com- 
pared with 82% for the non-pregnant group (41). In 
ten patients the Spca values were three to five fold the 
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control average; in five additional patients the levels ex- 
ceeded the non-pregnant average by more than five fold. 
In 24 subjects the average level three to five days post- 
partum was 114% contrasted with 150% shortly before 
delivery. In two individuals, striking Spca elevations per- 
sisted longer. 

Prothrombin was less significantly altered. 
in nine women the prothrombin was between 140-180% 


However, 


of normal compared with an average level of 98% (range 
58-128) in the controls. 

The data support the concept of hypercoagulable blood 
in pregnancy. The role of Spca in accelerating thrombin 
evolution, its activation by thromboplastin, and its ef- 
fectiveness in inducing intravascular thrombosis in ani- 
mals (Wessler) are known. Excesses of this clotting 
factor, together with venous stasis and increased platelet 
adhesiveness already demonstrated in pregnancy (H. P. 
Wright), provide a delicately balanced stage which could 
readily be triggered to induce thrombosis by liberation 
into the circulation of thromboplastic material from the 
gravid uterus. The latter is known to occur. 


Chronic Hypercapnia: A Specific Respiratory Depres- 
sant in Chronic Pulmonary Disease and Other Condi- 
tions. JAMES K. ALEXANDER, JOHN A. Woop and JouHn 
R. West, New York, N. Y. (Introduced by Dickinson 
W. Richards, Jr.). 


That patients with pulmonary emphysema and chronic 
respiratory acidosis have a diminished ventilatory re- 
sponse to carbon dioxide inhalation seems well estab- 
lished. Possible mechanisms are (1) increased buffer- 
ing capacity of the blood associated with (a) elevated 
plasma bicarbonate or (b) polycythemia; (2) failure of 
the chest bellows to respond normally to the central 
nervous stimuli; (3) diminution in the sensitivity of 
the nervous regulatory mechanism to the carbon dioxide- 
hydrogen ion stimulus as a result of (a) congestive heart 
failure, (b) chronic acidosis, (c) chronic anoxemia or 
(d) chronic hypercapnia. Each of these possibilities has 
been investigated by relating the effective alveolar ventila- 
tion to the changes in arterial carbon dioxide tension and 
hydrogen ion concentration produced by addition of carbon 
dioxide to the inspired air. 

Since the ventilatory response in these patients was 
reduced relative to the stimulus in terms of the hydrogen 
ion concentration as well as the carbon dioxide tension, 
increased buffering capacity of the blood did not account 
for the results. The diminished ventilatory response 
was independent of congestive heart failure and mechani- 
cal ventilatory impairment. Further observations on pa- 
tients suffering from chronic anoxemia secondary to cy- 
anotic congenital heart disease, or chronic metabolic 
acidosis associated with uremia, revealed no reduction in 
sensitivity to the carbon dioxide-hydrogen ion stimulus 
under these conditions. However, patients with chronic 
hypercapnia and an increased alkaline reserve associated 
with metabolic alkalosis were found to have substantial 
reductions in sensitivity to the carbon dioxide-hydrogen 
ion stimulus. 
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It is concluded that chronic hypercapnia per se results 
the 
regulatory mechanism to the carbon dioxide-hydrogen ion 


in a diminished sensitivity of respiratory nervous 


stimulus. 


In Investigation of the Validity of “Insulin-resistance” 
in Diabetes Mellitus. Louis K. Apert, ALviIn E 
ParrisH and Kart P. Kors, Washington, D. C. (In- 
troduced by Theodore J. Abernethy). 

This study was undertaken to determine whether in 
hibition of insulin activity could be demonstrated in dia- 
betic subjects. 

A constant state of carbohydrate utilization was es 
tablished by a continuous intravenous infusion of 240 mgm 
of glucose per minute. When the blood glucose levels 
had stabilized, regular insulin, 5 
jected intravenously. The rate of fall in blood glucose 
(mgm. per 100 cc. per minute) during 
45 minutes of continued infusion was used 
response to insulin. 

49 diabetic and 31 non-diabetic patients were studied 
In the non-diabetics, the mean index was 1.06 (S. D 
+ 0.36), and in the diabetics was 1.51 (S. D. + 1.28). 
The individual indices in the non-diabetics ranged from 
0 to 2.0, with 85% falling between 0.5 and 1.5. In the 
diabetics the range was 0 to 6.5, with 48% falling between 


between 1.5 and 2.5. 


units per M’, was in- 


the subsequent 
as the index of 


0.5 and 1.5, and 35% 
the indices were unrelated to the blood sugar levels of 
the patients, or to the daily requirements for insulin. 

It is concluded that these diabetic patients, with the 


The values of 


method employed, appeared to show an equal or greater 
response to insulin than did the non-diabetic individuals. 
These observations, if valid, would be compatible with 
the concept that a) diabetes mellitus may due 
sentially to an endogenous lack of insulin production, and 
b) variations in insulin requirements may be associated 
with independent gluconeogenetic factors. 


be es- 


Sxchange of Cations, Respiratory Gases and Carbohy- 
drate by Intact Human Muscle. R. Anopres, K. L. 
ZIERLER,* G. Caper, A. S. GHrAyyis and J. L. Livien- 
THAL, Jr.,* Baltimore, Md. 

As a first step in examining 
skeletal muscle in man, serial measurements in six subjects 
of respiratory gas exchange and movement of certain 
carbohydrates and cations have been made in the human 
forearm. Net exchange of metabolites was determined 
as the product of arterio-venous concentration difference 
and blood flow. The latter was determined by constant 
injection of T-1824 into the brachial artery and continu- 
ous sampling of venous outflow from a catheter placed 
deep in forearm muscles. This method demonstrated 
reasonably constant flow under “resting” laboratory con- 
ditions and a brisk response to exercise of forearm muscu- 
lature. 

In some subjects oxygen consumption and carbon 
dioxide production and their exchange ratios were rela- 
tively steady. In others random minute-to-minute varia- 
tions were of extraordinary magnitude and were out of 


metabolic events in 





916 PROCEEDINGS OF THE 
phase. For the entire group, oxygen uptake per forearm 
ranged from 0.9 to 5.1 ml./min., and carbon dioxide pro- 
duction from 0.3 to 6.3 ml./min., with exchange ratios 
varying from 0.12 to 2.05. 

Traditionally, in vitro studies have indicated that tie 
major part of oxygen utilized by resting muscle is con- 
sumed in oxidation of glucose. Anaerobic degradation of 
glucose is accounted for largely by the appearance of 
lactate. However, in these studies such a balance was 
demonstrated in only a few instances. 
cases none or little of the oxygen used could be accounted 


In the majority of 


for by aerobic glucose utilization. 


Potassium appeared to leave the forearm in small 
quantities during “rest”, and the rate of escape was ac- 
celerated by exercise. Net exchanges of sodium were 
random in direction. 

These studies, designed to provide basic data for sub 
sequent assessment of altered muscle metabolism, indicate 
remarkable minute-to-minute instability of metabolic ex- 
changes in “resting’’ muscle and suggest that carbohydrate 
metabolism does not always account for the major fraction 


of oxygen consumed. 


A Comparison of Dextran and PVP in Human Volun- 
teers. JouN B. ARMSTRONG, Winnipeg, Canada. (In- 
troduced by J. Doupe). 

Five hundred or 1000 ml. quantities of 6% British or 
Swedish dextran were administered to 12 normal sub- 
jects, and of 3.5% polyvinylpyrrolidone to 12. Serum and 
urine determinations, together with haematocrit and 
plasma protein concentrations were carried out before, 
immediately after, and at 24 hour intervals following 
infusion. 

The serum concentration fell more sharply with Swedish 
than with British dextran. PVP showed a more rapid 
early decline in serum concentration but was better main- 
tained after 24 hours. These changes were reflected in 
the urinary excretion. Both dextran and PVP caused a 
fall in haematocrit and plasma protein concentration im- 
mediately following the infusion, which disappeared as 
their blood levels fell. 

Seven dextran subjects received a prior venesection, 
and showed a haematocrit dilution persisting well beyond 
that found with dextran alone. To elucidate, 10 subjects 
underwent venesection only. They showed a delayed 
dilution of the haematocrit suggesting that the persistent 
dilution was due to the early effects of dextran and the 
later effects of venesection. The plasma protein dilution 
following venesection and dextran was not different from 
dextran alone. This may be explained by the observed 
rapid disappearance of plasma protein dilution following 
venesection only. 

Seven subjects received a venesection followed by 500 
ml. isotonic saline. The haematocrit and plasma protein 
dilution was not significantly different from venesection 
only. This indicates a rapid loss of saline from the cir- 
culation in contrast to the slower loss of dextran and 
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The discordant shifts of haematocrit and plasma protein 
dilution suggest that neither is a reliable index of plasma 
volume changes following haemorrhage. 


Normal Men on Diets of 
AXELRAD and J. A. 


Adrenal Cortical Activity in 
Low Sodium Content. B. J. 
LueETscHER, JR.,* San Francisco, Calif. 

When dietary sodium intake of normal men was re- 
duced from 150 to 15 mEq. per day, urine sodium fell 
abruptly to low levels by the third day and reached a mini- 
mum by the fifth day of the low sodium diet. Insignificant 


changes in daily creatinine excretion and in inulin clear- 


ance indicated that tubular reabsorption of sodium in- 
creased during this period of low sodium intake. 

Previous work on that 
chloroform extracts of urine acidified to pH 1.0 contained 
high sodium-retaining activity demonstrable by bioassay. 
Sodium-retaining activity could be demonstrated in nor- 
mal men on unrestricted sodium intake only if the urine 
was subjected to prolonged acid hydrolysis, and if large 
Measured under these 
conditions, the normal control output of activity was in- 
creased five fold by the third day on low sodium diet, and 


edematous patients showed 


dosages of extract were assayed. 


remained at this level until normal sodium intake was re- 
sumed on the 7th day. 

The material responsible for the sodium-retaining ac- 
tivity had the chromatographic mobility characteristic of 
the sodium-retaining corticoid isolated from the urine of 
edematous patients with heart failure or nephrosis and of 
“electrocortin” from adrenal cortical extract. 

The increased output of sodium-retaining hormone was 
not accompanied by any significant change in output of 
17-ketosteroids or 17-hydroxycorticoids measured by 
Forsham and Island. Diets of low sodium content appear 
to stimulate primarily the sodium retaining hormone 
produced by the adrenal cortex. 


The Use of Monocalcium Disodium Ethylene Diamine 
Tetra-acetic Acetate (CAEDTA) in the Treatment of 
Adult Lead Intoxication. Wittt1am H. Baker, Boston, 
Mass. (Introduced by Joseph C. Aub). 

Recently a new chelating agent, monocalcium disodium 
ethylene diamine tetra-acetate (CAEDTA), has been in- 
troduced for clinical trial in heavy metal poisoning. 

CAEDTA has a strong affinity for lead and exchanges 
its calcium for lead to form a PbEDTA complex which 
is then excreted unchanged via the urine. We have ad- 
ministered this compound intravenously in a dosage of 0.5 
gm. per 30 pounds of body weight to six patients with 
chronic lead poisoning and to three normal control pa- 
tients. All six patients with chronic plumbism prior to 
treatment showed increased urinary lead and coproporphy- 
rin levels. All patients had anemia with stippling of the 
red cells and abnormal fragility tests. CAEDTA was 
administered to each patient on consecutive days for pe- 
riods of four to eighteen days. On the first day of ad- 
ministration there was a marked increase in urinary lead 
¢xcretion and a simultaneous lowering of coproporphy- 
rins. On succeeding administrations there was a gradual 
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decrease in the amount of lead excreted while urinary 
coproporphyrins remained at normal levels. During 
the period of therapy all patients exhibited a rise in hemo- 
globin, stippling disappeared, and fragility tests returned 
to normal. In the three normal control subjects CAEDTA 
was administered on only one day with an increase in uri- 
nary lead on that day and no change in the coproporphyrin. 
Metabolic balance studies of electrolytes were performed 
on two patients with chronic lead poisoning. No altera- 
tions in metabolic balance occurred during administration 
of this compound either in a six or eighteen day study 
period. 

These studies indicate that CAEDTA is an effective 
way of mobilizing deposited lead with simultaneous im- 
provement in the patient’s condition and no evidence of 
toxicity. 


Urinary Concentrating Process during Antidiuresis in 
Renal Disease. Davin S. Batpwin, Harotp J. Ber- 
MAN, and Henry O. Heinemann, New York, N. Y. 
(Introduced by Herbert Chasis). 


Fixation of urinary specific gravity in renal disease is 
generally assigned to loss of renal tubular concentrating 
ability. In this study the urinary concentrating process 
has been examined by the cryoscopic method, and a 
tubular mechanism for the production of a hypertonic 
urine has been shown to persist in the course of various 
renal diseases. 

Observations of glomerular filtration rate (GFR) and 


osmolarity of plasma and urine were made in the hy- 
dropenic state in 20 patients during Pitressin administra- 


tion and with osmotic diuresis induced by mannitol. The 
quantity of water abstracted from the isosmotic glomeru- 
lar filtrate in the formation of osmotically concentrated 
urine was calculated as the difference between the os- 
molar clearance and the urine flow and designed as T yy. 

In each case a relatively constant Ty,9 was attained, 
ranging in these patients from 0.8 to 8.2 ml. per min., 
while the range of GFR was from 12 to 96 ml. per min. 
In general, there were proportionate reductions in T,o 
and GFR with an average T},o/GFR ratio of 0.056 as 
compared to the normal ratio of 0.051+0.015. How- 
ever, in 2 patients recovering from acute renal failure 
there was a disproportionate impairment of Ty, as 
manifested by T,o/GFR ratios of 0.017 and 0.008, while 
in 2 acute nephritics the ratios were 0.086 and 0.072. 

Lack of correlation between urinary osmolar concen- 
tration and urine specific gravity as determined by the 
urinometer was demonstrated repeatedly. In no case did 
urine osmolarity fail to exceed plasma osmolarity, even in 
the presence of “fixed” specific gravity. 

It is concluded that a maximal tubular reabsorptive rate 
for free water in the formation of a hypertonic urine is 
demonstrable in renal disease. With few exceptions this 
process deteriorates in proportion to the diminution of 
glomerular filtration, suggesting loss of functioning units 
rather than specific tubular dysfunction. 
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Radioactive lodine for Chronic Lung Disease. BERNARD 
A. Bercu and Harvey N. MANpELL, St. Louis, Mo. 
(Introduced by Robert J. Glaser). 

The present treatment for chronic pulmonary insuf- 
ficiency is usually disappointing and frequently of only 
temporary benefit. Since one fundamental defect in 
chronic lung disease is a deficiency in the supply of oxygen 
to the body, it was thought worthwhile to determine the 
effect of lowering the basal requirements of the tissues 
for oxygen by making patients with chronic lung dis- 
ease relatively hypothyroid. 

Ten patients with pulmonary emphysema and/or fibrosis 
were selected. These patients had been treated repeatedly 
by the usual methods and were still markedly incapaci- 
tated either at rest or upon slight exertion. Since antithy- 
roid treatment could not be expected to alter the funda- 
mental pulmonary lesion, objective changes in lung func- 
tion were not anticipated. In evaluating the effect of 
therapy, reliance was therefore placed upon standard 
exercise tolerance tests and upon subjective changes. 
Patients were considered significantly improved if they 
were able to perform activities which previously were in- 
tolerable because of dyspnea. Those who did not give 
evidence of increased exercise tolerance, even though they 
were improved subjectively, were considered as only 
questionably improved. 

Of the ten patients treated, three were initially made 
hypothyroid with Tapazole. The other seven were given 
I on one or more occasions. All patients were euthyroid 
prior to therapy. Seven patients were found to be sig- 
nificantly improved, one was questionably benefitted, and 
two were unchanged. In two patients severe dyspnea 
developed after the Tapazole was discontinued in prep- 
aration for the use of I™. This dyspnea again disappeared 
in one patient after establishment of hypothyroidism. 
The other patient expired during the interval. 


Influence of Age and Size of Bacterial Population on the 
Rapid Bactericidal Action of Penicillin. Cart BERnt- 
sEN, New York, N. Y. (Introduced by Ralph Tomp- 
sett). 


Relapse of infections caused by penicillin susceptible 
bacteria following penicillin therapy is an apparent incon- 
sistency with its rapid bactericidal action on these same 
bacteria in vitro. The commonest explanation of this 
seeming paradox has been based on the intervention of 
an inflammatory lesion, with presumed failure of its 
penetration by metabolites or drug. These hypotheses 
have little experimental support. 

In preliminary studies it was found that the total popu- 
lation of bacteria in lesions of experimental animals and 
man were higher than those customarily tested in vitro. 
Moreover, it appeared that the ages of individual mem- 
bers in such populations varied considerably. Accordingly, 
an investigation was made of the influence of age and size 
of bacterial populations on the bactericidal action of 
penicillin. 

The test microorganism employed was a highly peni- 
cillin susceptible strain of Group A Streptococcus hemo- 
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Plasma levels of 17-hydroxycorticosteroids were normal 
in the patients with liver disease. After a standard in- 
fusion of hydrocortisone in twelve patients with liver 
disease and in eleven normal subjects, the 17-hydroxycorti- 
costeroids disappeared from the plasma in a logarithmic 
fashion, at a rate which was proportional to the functional 
capacity of the liver as measured by the degree of BSP 
retention. In patients with hepatitis, serial studies demon- 
strated an increased rate of 17-hydroxycorticosteroid re- 
moval as the liver function improved. 

As compared with hydrocortisone, tetrahydrocortisone, 
which has been shown to be the major 17-hydroxycorti- 
costeroid excreted in the urine, disappeared from the 
plasma at a much more rapid rate which was independent 
of liver function. 

The rise in the plasma 17-hydroxycorticosteroid levels 
in response to ACTH stimulation in the patients with 
liver disease was within normal limits. 

The daily urinary excretion of 17-hydroxycorticosteroids 
of the patients with liver disease was 3.5 + 0.4 mg. as com- 
pared with 5.5+1.2 mg. for the normal group. These 
results differ from those of other workers who used less 
specific methods for the measurement of adrenalcortical 
steroids. 

These data indicate that the removal of 17-hydroxycorti- 
costeroids from the plasma is dependent upon the func- 
tional state of the liver. Hence the plasma level of these 
steroids depends at least in part on the functional state 
of the liver as well as the rate of adrenalcortical secre- 
tion. 


The Determination of Pressure Gradients in the Vascular 


System of Man. Rosert A. Bruce,* Curt A. WIEpDER- 
HIELM, JAMES J. PAMpuSH and Henry J. KowAtskI, 
Seattle, Wash. 


Recording of instantaneous pressure gradients between 
any two points in the vascular system previously used in 
animal studies has been simplified and applied to humans 
during cardiac catheterization. 

Direct pressures from two sites, the instantaneous dif- 
ference between these sites and the electrocardiogram can 
be simultaneously recorded on a Sanborn Poly-viso. A 
double lumen catheter, whose orifices are 10 cm. apart, is 
used with Statham strain gages. Instantaneous pressure 
differences are derived by electrical subtraction of one 
impulse from the other and inscribed directly as a gradient 
in mm. Hg. Electrical calibration can be done repeatedly. 
Gradients of 0.5 mm. Hg are readily determined. Limiting 
factors appear to be the physical properties of the catheters 
insofar as they contribute to resonance and damping by 
their distensibility characteristics. 

The pressure gradient between inferior vena cava and 
right auricle may reverse during each heart cycle. Flow 
here may be discontinuous or phasic. 

Pressure gradients across tricuspid and pulmonic valves 
and through intracardiac defects can be obtained. Pre- 
mature ventricular systoles markedly alter the gradient 
between right ventricle and right auricle and indicate in- 


PROCEEDINGS OF THE FORTY-SIXTH ANNUAL MEETING 


complete closure of the valve during the abnormal 
contraction. 

Respiratory variations induced by breathing, coughing, 
and the Muller and Valsalva maneuvers affect pulmonary 
arterial and “capillary” pressures, but have little effect 
on the gradient within the pulmonary artery. Since ar- 
terial-“capillary” gradients may be altered by changes in 
intrathoracic pressure, pulsatile flow through the capil- 
lary bed is modified by respiration. The effects of mitral 
valve disease on PA-PC pressure gradients can be 
observed. 

It is concluded from these preliminary observations 
that simultaneous differential pressure measurements dur- 
ing cardiac catheterization are simple, reliable and valu- 
able adjuncts to the studies usually made. The technique 
is applicable to the instantaneous differentiation of any 
phenomena that can be recorded electrically with this 
equipment. 


Synergistic Effect of Polymyxin B and Oxytetracycline or 
Tetracycline Upon Growth of Pseudomonas Aeruginosa. 
Pau. Bunn,* LeonarD CANARILE and WINIFRED Os- 
BORNE, Syracuse, N. Y. 


Forty-three strains of Pseudomonas aeruginosa derived 
from human infections were tested for sensitivity to eight 
antimicrobial agents. Maximal inhibiting concentrations 
were determined by the serial dilution technic, using a 
10° dilution of organism as the inoculum. All strains 
were resistant to more than 6.0 micrograms per ml. of 
penicillin, streptomycin, chlortetracycline, tetracycline, 
oxytetracycline, chloramphenicol and bacitracin but were 
sensitive to less than 3.5 micrograms polymyxin B per ml. 
The maximal inhibiting concentration of polymyxin B 
failed to control growth of all strains after four hours 
when an undiluted culture was used as the inoculum. 

Complete inhibition of growth of the undiluted culture 
of pseudomonas was achieved for more than eight hours 
when either one-quarter the sensitivity level of polymyxin 
was combined with the maximal inhibiting concentration 
of oxytetracycline or tetracycline, or when one-half of 
those concentrations was employed. This effect was uni- 
formly greater than that observed with double the maxi- 
mal inhibiting levels of the three agents singly, both in 
duration of effect and in number of bacteria killed. 

This synergistic effect upon inhibition of growth of 
Pseudomonas aeruginosa could not be demonstrated with 
four other combinations of antimicrobial agents. 

Sterilization of the urine of four humans with chronic 
Pseudomonas aeruginosa urinary trace infections was ac- 
complished with a dosage regimen of 25 milligrams poly- 
myxin B once daily parenterally combined with 2 grams 
orally of either tetracycline or oxytetracycline. In a fifth 
case a few colonies of pseudomonas persisted in the urine 
after seven days but their ability to produce green pigment 
was lost. Toxicity to this regimen was not observed and 
no strain of Pseudomonas aeruginosa became resistant to 
the three agents during the period of study. 
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The Tissue Utilization of Endogenous Thyroid Hormone 
in Human Subjects. Bettow A. Burrows, THEODORE 
Peters and JosepH F. Ross,* Baston, Mass. 


We have estimated the peripheral utilization of endo- 
genously produced thyroid hormone in human subjects 
from the amounts of iodide being released from the 
catabolized hormone. The values depend on the size 
of the extrathyroidal iodide pool, and the rate at which 
it is being turned over. 

Such studies are possible if added iodide equilibrates 
rapidly with the iodide pool in comparison to the turn- 
over rate. In five myxedematous patients, in whom 
equilibration might be slow, the radioiodide spaces one 
hour after an intravenous tracer dose of I-131 averaged 
1.5 times the simultaneously determined radiosulfate 
spaces, taken as an index of extracellular fluid volume, 
and approached maximum values. This indicates rapid 
equilibration of iodide returning from the tissues with the 
iodide pool. 

The turnover rate of the iodide pool was indicated 
by the rate of decrease of its specific activity (I-131/I-127), 
due to the release of 1-127 from catabolized thyroid hor- 
mone in the tissues. It averaged 22.4 percent per hour in 
the normal subjects as compared with 37.9 percent per 
hour in the hyperthyroid individuals. The iodide pool 
was virtually constant in individual patients during the 
period of study, averaging 48 micrograms of I-127 in the 
normal group. The average value for the hyperthyroid 
group was considerably higher, 295 micrograms of 1-127, 
due mainly to an increased serum concentration of inor- 
ganic I-127. 

The estimated amounts of hormonal iodide released from 
the tissues in the normal group (8.5 micrograms per hour) 
would be equivalent to the daily utilization of 300 micro- 
grams of levo-thyroxine. In the hyperthyroid group the 
average peripheral iodide release was ten times greater 
(73.4 micrograms per hour), which would be sufficient to 
account for the observed hypermetabolism of hyper- 
thyroidism. 


Ferrokinetics in Anemia of Infection. J. A. Bus and 
G. E. Cartwricut,* Salt Lake City, Utah. 


Ferrokinetic studies of (Fe”) have been made in five 
patients with anemia associated with chronic infection and 
in seven normal subjects. Ten to 20uc of Fe” containing 
less than 6 ug of total iron were incubated with the indi- 
vidual’s own plasma, and the labelled plasma was injected 
intravenously. Blood volumes were determined by means 
of I™-labelled human serum albumin. 

In none of the patients was clinical jaundice present, 
and there was no detectable increase in urobilinogen ex- 
cretion in the stools. The mean volume of packed red 
cells in these patients was 37 ml./100 ml., the plasma iron 
38 ug per cent, and the reticulocytes 1.4 per cent. 

In the patients with infection the half-time of plasma 
Fe” disappearance was 0.50 hours; the plasma iron turn- 
over rate was 0.64 mg./kg./24 hours; the red blood cell 
iron turnover raté was 0.62 mg./kg./24 hours; the red 
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cell iron renewal rate was 1.9 per cent/24 hours. In the 
normal subjects the half-time of plasma Fe” disappear- 
ance was 143 hours; plasma. iron turnover rate, 0.52 
mg./kg./24 hours; red cell iron turnover rate, 0.48 mg./ 
kg./24 hours; red cell iron renewal rate, 1.2 per cent/24 
hours. 

Incorporation of radio iron into the erythrocytes oc- 
curred somewhat more rapidly in the patients with infec- 
tion as compared with the normal individuals. The per 
cent of the administered dose which ultimately appeared 
in the erythrocytes was the same in each group. 

The above data suggest that the erythrocyte survival 
time of patients with chronic infections is slightly short- 
ened (60 per cent of the normal), and that erythrocyte 
production although slightly increased above the normal 
(approximately 1.3 times) is not increased sufficiently to 
prevent the development of a mild degree of anemia. 
When consideration is given to the fact that a normal 
marrow is capable of increasing its production rate 6 to 
8 fold, it is apparent that there is a marked inhibition 
of erythropoiesis in such patients. 


A Study of the Electrical Activity of Intact and Par- 
tially Mobilized Human Ureters. Harvey R. BuTcHER, 
Jr. and Wiiit1AM S ceator, Jr., St. Louis, Mo. (In- 
troduced by Carl A. Moyer). 


Little is known regarding the part played by abnormali- 
ties of ureteral activity in the genesis of ills of the upper 
urogenital tract. Acute hydroureter and hydronephrosis 
have become increasingly important medical problems as 
uretero-intestinal anastomosis has become one of the com- 
mon surgical procedures. 

A method of intraureteral electroureterography has 
been developed in order to investigate the effect of an 
uretero-intestinal anastomosis upon the activity of the 
ureter. The method entails bipolar recording of ureteral 
peristaltic action potentials from intraluminal electrodes. 
After performing extensive preliminary investigations 
upon the anesthetized dog, the method was applied to the 
study of ureteral activity in man before and after surgical 
manipulation of the ureter. 

The investigation of normal human ureteral activity 
has led to a number of new observations: 


(1) The shape of the recorded ureteral peristaltic action 
potential in man is similar to that of the dog. Control 
experiments indicate that the voltage-time contour re- 
corded by this method represents actual changes in ureteral 


smooth muscle membrane potential. There is a “shoulder” 
during electrical recovery similar to that of action po- 
tentials recorded intracellularly from cardiac muscle. 

(2) A large slow voltage change accompanies the 
passage of urine by the electrodes. 

(3) Variations in the velocity of peristaltic waves cor- 
relate with changes in the shape of the recorded action 
potentials and with changes in the length of the inter- 
peristaltic wave interval. 

The disturbance in ureteral function attending uretero- 
intestinal anastomosis is a failure of propagation of the 
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peristaltic wave through surgica!ly disturbed segments 
of the ureter. Maximum duration of this disturbance in 
conduction is as yet unknown; however, it lasts at least 
the two to three days the electroce assembly has been left 
in the ureter postoperatively. Frequency and velocity 
of propagation of ureteral peristalsis in the undisturbed 
section of the ureter were unaltered by uretero-intestinal 
anastomosis. 


Effect of Maintenance Cortisone Therapy on the Meta- 
bolic Response to Surgery. Evan Cackins and DonaLp 
M. MitcHeELL, Boston, Mass. (Introduced by Walter 
Bauer). 

Requirements for the normal response to surgery are 
not entirely understood. An opportunity for study was 
provided by the successive development of bilateral in- 
guinal herniae in a patient with rheumatoid arthritis main- 
tained on 75-100 mg. oral cortisone. On two occasions, 
under general and local anesthesia, respectively, he under- 
went herniorrhaphy while on the metabolic ward. Corti- 
sone dosage was unchanged throughout each experiment. 
Diet was unchanged except that he was unable to eat on 
the day of ether anesthesia. The metabolic response was 
compared with that caused by subsequent sudden increase 
in cortisone to 250 mg. per day, and with balances which 
had been obtained on this patient prior to and immediately 
following initiation of cortisone therapy two years 
previously. 

Data showed that surgery was followed by negligible 
change in nitrogen, potassium, calcium, and phosphorus 
balances and in creatine excretion. There was, however, 
striking sodium retention. A similar metabolic pattern 
accompanied onset of steroid therapy and sudden increase 
in dosage. The first operation was followed by a sudden 
fall in 17-ketosteroid excretion from 11 to 4.6 mg. and in 
formaldehydogenic steroid excretion from 36 to 16 mg. per 
day. Similar determinations were performed at the time 
of the second operation. 

These results indicate that this patient (presumably 
because of his depletion) reacts to the stress of surgery 
and to increase in cortisone primarily with sodium re- 
tention, rather than with an acute catabolic response as 
seen in normal individuals. The fact that he displayed 
this characteristic response following surgery, despite 
suppression of adrenal cortical activation by constant 
cortisone administration, suggests that the response may, 
in this instance, reflect altered metabolism or increased 
“utilization” of steroids. 


A Study of the Nature of the Peripheral Resistance in 
Patients with Hypertension. Francis S. Cariva, Jay 
F. Harris and Ricnarp H. Lyons,* Syracuse, N. Y. 
This study was undertaken to determine if the vascular 

bed of the toe participates in the increased resistance in 

hypertension and if the nature of this resistance differs in 
the various stages and types of hypertension. 


Patients were of four clinical types. The first group 
was made up of 18 normal patients; group two, of 11 hy- 
pertensive patients without eyeground changes or evi- 
dence of renal disease; group three, of 7 patients with 
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hypertension and moderate retinopathy and renal disease; 
and group four, of 7 patients with marked retinopathy 
and/or zzotemia. In none was there evidence of cardiac 
failure or periphera! vascular disease. Studies were carried 
out in a constant teinperature room with the patient in the 
supine position. Peripheral resistances were calculated 
by dividing the mean blood pressure by the blood flow. 
Blood flows to the toe were determined plethysmographi- 
cally before and after posterior tibial block. 

It was found that in the resting state the peripheral re- 
sistances of each of the hypertensive groups was higher 
than that of the normotensives. After the abolition of 
local neurogenic tone, resistances of the hypertensive 
patients fell into three groups which correlated well with 
the clinical disease. The mean peripheral resistance in 
the normotensives after block was 7.5 units. In the hy- 
pertensive patients, group two (see above) had an average 
peripheral resistance of 7.2 units, group three of 12.2 
units, and group four of 20.4 units. 

It is suggested that the increased peripheral resistance in 
hypertension includes the vascular bed of the toe. This 
increased resistance in individuals without renal disease 
apparently is mainly on a neurogenic basis since it can be 
reduced to normal levels following a local sympathetic 
block. In patients with renal disease, other mechanisms 
must be operative. 


Evidence Concerning the Relationship of the Amygdaloid 
Nuclear Region to the Regulation of the Circulation and 
Emotion in Man. Witi1amM P. CHapMan,* HE1nz R. 
ScuroeperR, Greorc Geyer, Mary A. B. Brazier, 
CHARLES Facer, JAMES L. Poppen, Harry C. SoLomMon 
and Paut I. Yaxoviev, Boston, Mass. 


The effects of electrical stimulation of the amygdaloid 
nuclear region in the temporal lobe on the continuous re- 
cording of blood pressure and heart rate and on feeling 
states and motor behavior have been determined in four 
awake epileptic patients in whom this area was afterwards 
coagulated for therapeutic reasons. The patients were 
selected by a group of psychiatrists for psychosurgery for 
the treatment of psychomotor seizures or unmanageable 
assaultive behavior. A four-needle electrode, implanted in 
the amygdaloid area under stereotaxic control, made pos- 
sible observations over several days as well as the localized 
coagulation procedure. 

In one patient, no consistent responses were obtained. 
In three patients, electrical stimulation with 20-60 cycles 
per second, 1 millisecond pulse duration and 8-14 volts 
produced a 20-100% increase in heart rate. In two 
patients, stimulation with the same electrical character- 
istics, except for 12-17 volts, caused a 50-83 mm. Hg 
rise in systolic and 33-60 mm. Hg rise in diastolic blood 
pressure. The elevations in heart rate and blood pressure 
could be produced independently of changes in emotional 
expressions, but were more marked when obtained in as- 
sociation with feelings of anxiety and fear and somatic 
responses regarded as appropriate for such subjective 
changes. Bilateral pupillary dilation was a frequent ac- 
companiment of the circulatory responses. The char- 
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acter of the circulatory effects suggested that some re- 
sponses were mediated by cirect nervous pathways and 
others, possibly by the liberation of a humoral substance. 

So far as we are aware, these findings establish for the 
first time that electrical stimulation of the amygdaloid 
nuclear region can cause marked elevations of systolic 
and diastolic blood pressure with or without accompanying 
feelings of anxiety and fear and somatic motor responses. 
Comparable heart rate and pupillary effects have been 
previously reported in animals and certain emotional 
changes in man, by others. 


A Comparison of the Cholesterol “Balance” and Nitrogen 
Absorption from the Human Small Intestine by an 
Inert Indicator Method. Samue.t H. Cuenc and Mat- 
cotm M. STANLEy,* Boston, Mass. 

A standard diet (C-250, F-103, P-116, Cholesterol-1 
gram) mixed uniformly with a known amount of chromic 
sesquioxide (Cr,0,), a chemically inert and completely 
non-absorbable indicator, was fed to all subjects. In six 
patients intestinal contents were withdrawn via a tube 
previously introduced under fluoroscopic guidance. Ter- 
minal ileostomy discharges were collected from a sev- 
enth. The concentrations of Cr,O,;, nitrogen, total and free 
cholesterol were determined in the dried food and samples 
of intestinal contents. The cholesterol “balance” and 
nitrogen absorption were calculated from the changes in 
the cholesterol/Cr.0, and N/Cr,O, ratios. 

There were negative cholesterol “balances” with simul- 
taneous absorption of nitrogen in three subjects from 
whom specimens of terminal ileum contents were obtained. 
In the subject with an ileostomy there was, during a two- 
day period, with 70% nitrogen absorption, a daily net 
loss of 163 mg. cholesterol in excess of that ingested. 
Net losses of 122 mg. and 258 mg. cholesterol per day oc- 
curred in two others whose nitrogen absorption averaged 
40-50%. 

In specimens obtained from upper small intestine (4 
subjects) the cholesterol/Cr.0O, ratios approached twice 
those of food and reflected the large endogenous cholesterol 
secretion. Cholesterol absorption in this area was thus 
obscured. Nitrogen absorption was 25% or less. 

The cholesterol in specimens of contents of the in- 
testine included both the unabsorbed cholesterol from the 
food and from that secreted in the bile and by the intestine. 
The cholesterol “balance” represented the sum of the en- 
dogenous and exogenous cholesterol minus that which had 
been absorbed. Since the amount of endogenous choles- 
terol secreted could not be accurately calculated from our 
data, the absolute amount of cholesterol absorbed from 
the intestine could not be determined. 


Comparative Effects of Fructose and Glucose on the Fate 
of Infused Amino Acids and Peptides. Hatvor MN. 
CHRISTENSEN, Patricia BryaAN WILBER, BARBARA A. 
Coyne and Herpert FisHer, Boston, Mass. (Intro- 
duced by Joseph M. Hayman). 


The fate of infused amino acids, whether anabolic or 
catabolic, is known to be largely influenced by the simul- 
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taneous availability of appropriate calorie sources. El- 
man et al. recently reported that more positive nitrogen 
balances were obtained in surgical patients when fructose 
rather than glucose was included in an intravenously in- 
jected protein hydrolysate. This they attributed to the 
well-known rapidity of the removal of fructose from the 
circulation. Elman also reported lower plasma amino 
acid levels during the course of the fructose-containing 
infusions. 

We have investigated the influence of the type of sugar 
present on the distribution and fate of amino acids and 
peptides infused intravenously into convalescent surgical 
patients and normal volunteers. In the case of a fibrin 
hydrolysate (“Aminosol,” Abbott Laboratories, Inc.) the 
urinary spillage of peptides was diminished from about 
30% to about 13% when 10% fructose replaced 5 or 10% 
glucose. The wastage of free amino acids was also sub- 
stantially decreased. These effects were shown to be 
independent of any diuretic action of the glucose solution. 

In contrast to Elman’s report of lower plasma amino 
acid levels, in our hands fructose led to slightly higher 
levels in 8 comparisons in 5 subjects. His use of a modi- 
fied Folin colorimetric method (strongly criticized by 
Chinard and Van Slyke) and our use of the manometric 
ninhydrin method might conceivably explain this difference. 

Stronger uptake of amino acids by the cells would not 
necessarily favor their anabolic utilization, considering that 
a large part of that uptake is hepatic. An inhibition of 
deamination and urea formation in the presence of abun- 
dant carbohydrate may instead be the factor operating to 
swing the balance to the anabolic side. In that case 
higher, rather than lower, amino acid levels would be pro- 
duced in the presence of a more adequate source of energy. 


The Production of Experimental Meningitis in the Rhesus 
Monkey. Kennetu L. Crark, Louris P. Jervey and 
Park BreEuxt, Cincinnati, O. (Introduced by Morton 
Hamburger). 


In order to test the effect of the enzymes streptokinase 
and streptodornase in the liquefaction of exudate in the 
subarachnoid space, attempts were made to produce an 
experimental meningitis in rhesus monkeys. The end- 
point was to be an infection in which abundant exudate 
would be laid down but wherein the animals would live 
long enough so that the effect of enzymes could be studied. 

Inoculations of various bacteria suspended in gelatin- 
Locke’s solution were made into the cisternal subarachnoid 
space of anesthetized animals. Approximately daily 
cisternal taps were performed. Some of the animals were 
sacrificed at varying periods after infection; others died. 
Strains of E. coli, H. influenzae and Pseudomonas 
aeruginosa, from the spinal fluid of human cases of 
meningitis, Pneumococcus I, from the blood stream of a 
patient, Streptococcus viridans, from the blood stream of 
a case of subacute bacterial endocarditis, and a strain of 
Pneumococcus III were employed. 

Pneumococcus I and E. coli produced meningitis, but 
killed the animals in 1 to 4 days. H. influenzae produced 
a very mild infection from which the monkeys recovered 
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spontaneously. Streptococcus viridans produced pleocy- 
tosis and a positive Pandy reaction, but spinal fluid cul- 
tures remained negative and there was no exudate. 

The results with Pseudomonas were irregular until a 
technique was devised whereby the organisms were sus- 
pended in ground up jelled agar. By this means menin- 
gitis was produced in which a thick tenacious exudate 
was laid down within 48 hours around the base of the 
brain and the cerebellum, sometimes extending several 
centimeters down the spinal cord. Microscopically, the 
exudate consisted of great numbers of polymorphonuclear 
leukocytes, much fibrin, and large amounts of extracellu- 
lar desoxyribonucleoprotein. Spinal fluid cultures and 
cultures of the exudate were always positive for the 
infecting strain of Pseudomonas. More than 90% of the 
animals survived 5 days or longer. 


Histamincytes of the Blood—Eosinophils and Basophils. 
CuHar.es F. Cope* and Ross G. MitcHeE tt, Rochester, 
Minn. 


This investigation was undertaken to determine whether 
there is a relationship between the amount of histamine 
and the numbers of eosinophils or basophils in the blood. 
The numbers of the cells and the concentration of hista- 
mine were determined quantitatively. Observations were 
made in dogs and human beings before, during and after 
the administration of cortisone. 

No basophils were found in the blood of the dogs, and 
in these animals high concentrations of histamine oc- 
curred only in association with large numbers of eosino- 
phils. Administration of cortisone always reduced the 
numbers of eosinophils in the blood, and at the same time 
lowered the concentration of histamine. 

In human beings cortisone always caused a decline in 
the number of basophils as well as eosinophils. The 
values for blood histamine also always decreased. The 
numbers o1 basophils and eosinophils were definitely re- 
lated, and they both were related to the level of histamine 
in the blood, indicating that they may both act as histamine 
carriers in the blood. 


“Splanchnic Pooling” During the Hypotensive Action of 
Hexamethonium Bromide in the Dog. B. Cominsxy, 
J. R. K. Preepy, H. O. Wueerer, R. M. Hays and 
S. E. Braptey,* New York, N. Y. 

The recent development of a method of estimating the 
circulating splanchnic blood volume (SBV) by determina- 
tion of splanchnic vascular retention and dilution of I™ 
labelled human serum albumin (Trans. Assoc. Am. Phys., 
66, 294, 1953) has made possible the evaluation of the role 
of the splanchnic vasculature as a “blood reservoir” dur- 
ing systemic hemodynamic adjustments. Hexamethonium 
bromide (7.5 to 10.0 mg. ion i.v.) was used as a means of 
producing such an adjustment in 8 anesthetized dogs (nem- 
butal, 30 mg/kg) during the measurement of SBV, he- 
patic blood flow (BSP method), total blood volume 
(I™ HSA dilution), cardiac output (direct Fick) and 
arterial pressure (Statham transducer). Following ad- 
ministration of hexamethonium cardiac output decreased 
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(15 to 76%, mean—31%) in association with a correspond- 
ing fall in blood pressure (19 to 47%, mean—36%). The 
total peripheral vascular resistance did not change sig- 
nificantly. The hepatic blood flow decreased (P less than 
.05, mean—21%) but not to the same extent as the blood 
pressure since splanchnic resistance was also lowered 
(P less than .05, mean—17%). Despite the reduction in 
inflow and possibly also diminished resistance to outflow, 
SBV increased in 6 of 8 animals (29 to 64%, mean—39%, 
P less than .02) suggesting an alteration in splanchnic vas- 
cular tone. Since total blood volume did not seem to 
change, the resultant “trapping” of blood in the splanchnic 
bed may have contributed to diminished venous return, 
leading to a lowered cardiac output and a fall in blood 
pressure. 


C-14 Carboxyl Labeled Inulin as a Tracer for Inulin. 
E. Cortove, M. C. Reper, W. B. Looney, M. WALSER 
and L. W. Matruews, Bethesda, Md. (Introduced by 
Robert W. Berliner). 

Preliminary studies have been made of the physiological 
behavior of radioactive inulin, prepared by Drs. H. S. 
Isbell and J. D. Moyer of the National Bureau of Stand- 
ards by cyanohydrin synthesis, with the addition of 
C“OOH groups in a ratio of about 1 to 200 fructose 
residues. Electrophoresis of 3% C-14 inulin in buffer 
and in plasma at pH 8 showed no migration of the 
inulin and no evidence of protein binding. Following 
intravenous injection in several species, the radioactivity 
was recovered in the urine completely within the error of 
counting, averaging 100.8% in 4 rabbits, 97.0% in 6 rats 
and was 101.8% ina dog and 99.0% in a man with metastatic 
carcinoma. Chromatographic analysis of the urine showed 
the radioactivity to be localized to the inulin spot. Radio- 
active inulin was given by continuous infusion in 4 rats; 
the renal clearance of the radioactivity and its volume of 
distribution in muscle were simildr to those found pre- 
viously with non-radioactive inulin. In one dog, 5 con- 
secutive clearance periods obtained during continuous in- 
fusion of creatinine and C-14 inulin showed a ratio of 
C(Cr) to C(radioactivity) averaging 0.95, similar to 
results of Kennedy, Hilton and Berliner (Am. J. Physiol. 
171: 164, 1952) with non-radioactive inulin. The vol- 
ume of distribution of radioactivity in the dog was 17% 
of body weight. 

These results indicate that the C-14 inulin has the 
physiologicai behavior of non-radioactive inulin, with 
no evidence of plasma binding, decarboxylation or other 
type of metabolism. This compound should be useful 
particularly in studies requiring analysis of inulin in low 
concentration in the presence of a chemical chromogen 
blank. Further investigation is in progress. 


The Effect of Growth Hormone on the Amino Acid Pool 
and Protein Synthesis Rate in a Pituitary Dwarf. K. 
R. Crispect, Witt1AM Parson * and Guy Ho.tiriep, 
Charlottesville, Va. 

The urea space, the size of the amino acid pool, and the 
rate of protein synthesis have been determined in five 
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healthy adult volunteers using N-15 glycine and N-15 
urea by the method of San Pietro and Rittenberg. 

The same type of study has been carried out in a 20 
year old dwarfed, sexually immature male who had under- 
gone pituitary surgery at the age of eight. The patient 
was studied under the usual standard metabolic regimen. 
Before the administration of growth hormone (Raben) 
the patient was found to have an amino acid pool of 
3 mg./Kg. body weight as compared to 14 mg./Kg. (range 
11 to 18) in the healthy volunteers. The rate of protein 
synthesis was 290 mg./Kg. per 24 hours as compared to 
810 mg./Kg. per 24 hours (range 610 to 1170) in the 
healthy volunteers. 

The patient was then given purified growth hormone 
(Raben), 20 mg. every six hours intramuscularly and the 
studies repeated on the sixth day of administration. Clas- 
sical balance studies on this date showed minimal nitrogen 
retention. The urinary nitrogen averaged 5.0 Gms. daily 
for the six days previous to growth hormone, and 4.4 
Gms. daily for the six days while receiving growth hor- 
mone. There was, however, a profound change demon- 
strated by the isotope technique. The amino acid pool 
increased from 3 mg./Kg. to 11 mg./Kg. and the rate of 
protein synthesis from 290 mg./Kg. per 24 hours to 
1,180 mg./Kg. per 24 hours. 

This technique appears to be more sensitive than clas- 
sical nitrogen balance studies in assaying changes in pro- 
tein metabolism. It may also offer some insight into the 
mechanisms occurring with hormonal manipulation. 


The Comparative Effect of Platelets on Prothrombin Uti- 
lization from Dogs in the Degenerative and Regenera- 
tive Phase of Irradiation Bone Marrow Aplasia. E. P. 
CronkITE and G. J. Jacoss, Bethesda, Md. (Introduced 
by L. M. Tocantins). 

A quantitative relationship between platelet concentra- 
tion and prothrombin utilization in plasma of normal dogs 
has been shown by Buckwalter et al. and in whole blood of 
irradiated dogs by Jackson et al. In the latter studies, 
it appeared that the irradiated platelets were less effective 
than normal platelets in accelerating prothrombin con- 
version. In contrast the platelets in whole blood of dogs 
in the regenerative stage appeared more effective than 
platelets in the degenerative stage (Cronkite et al.). These 
phenomena might be explained on the basis of changes in 
the platelets or changes in concentration of plasma anti- 
coagulants (antithromboplastins). 

To investigate these phenomena, the influence of the 
following on prothrombin utilization was studied : 

1. The comparative effect of platelets in whole blood 
in the degenerative stage with platelets in the regenera- 
tive stage. 

2. The comparative effect of platelets in plasma from 
normal dogs and in plasma from dogs in the degenerative 
phase by varying platelet count with differential centri- 
fugation and silicone technique without anticoagulants. 

The following relationships were demonstrated : 

1. At all platelet levels, platelets in the degenerative 
phase of radiation injury were less effective in accelerating 
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prothrombin conversion than platelets in the regenerative 
phase when the conversion took place in whole blood. 

2. In plasma at similar platelet levels, platelets of ir- 
radiated dogs in the degenerative phase were less effective 
than normal platelets. 

3. In both cases above, platelets in the degenerative 
phase were less effective by a factor of two or three. 

4. Technically, it was not possible to cross-transfer ir- 
radiated or normal platelets to the opposite plasma and 
obtain meaningful results. It was therefore not possible 
to ascribe these alterations in platelet behaviour primarily 
to a plasma constituent or to qualitative changes in the 
platelet but previous work by Tocantins strongly sug- 
gests that lipid antithromboplastins may partly contribute 
to the lesser effectiveness of platelets in the degenerative 
stage. 


The Renal Oxygen Consumption in Diabetic Nephropathy 
as Related to Tubular Functional Mass. ArcHER P. 
CrosLey, Jr, Georce G. Rowe, JoHn H. Huston, 
GeorceE M. Maxwett and CuHar_es W. CruMpTON, 
Madison, Wis. (Introduced by Edgar S. Gordon). 
The ratio of renal oxygen consumption (total renal 

blood flow X arterial-renal venous oxygen difference) to 

renal tubular mass (Tmpan) in 4 patients with diabetic 
nephropathy has averaged 0.659. This value represents 

a threefold increase from that observed in normal patients 

(0.232). The specificity of this elevation to diabetic 

nephropathy is reflected in further studies indicating that 

it is significantly different from results obtained in patients 
with essential hypertension (0.216), labile diabetes with- 
out nephropathy (0.217), and the presence of poor renal 

function (0.070). 

These results demonstrate a unique renal metabolic 
pattern in diabetic nephropathy which may be related 
to other endocrine abnormalities associated with this 
condition. 


Homeostatic Limits in Patients with Chronic Nephritis 
and Therapeutic Implications. Joun D. Crawrorp, 
GERALD A. KERRIGAN, WINSTON E. CocHrAN, Mary 
Terry and NatHan B. Tacsot,* Boston, Mass. 


Studies have been performed in a small series of pa- 
tients with advanced chronic nephritis to define their 
residual ranges of renal capacity for homeostatic adjust- 


ment. The study technique involved altering rate of 
input of selected individual constituents of intake to pro- 
vide challenge situations. In such circumstances the 
adaptive behavior of the patients has been described and 
limits of renal capacity for homeostatic adjustment have 
been taken as those points at which further compensatory 
changes in urinary excretion fail to occur while pathologic 
deviation in body content or concentration of the con- 
stituent under study develops. Limits have been described 
for urine water concentration and volume, pH and am- 
monium ion content and for the excretion rates of sodium, 
potassium, phosphate and urea. 

These studies have indicated certain important dif- 
ferences in the impairments shown by individual patients. 
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They have shown major reductions in capacity to vary 
urine water concentration. Urine volumes greater than 
thirty per cent of the glomerular filtrate may be formed. 
Renal ability to conserve sodium and potassium has been 
found unimpaired except in acidosis when fixed cation 
losses result from reduced excretion capacity for hy- 
drogen and ammonium ions. Maximum excretory ca- 
pacities for potassium and phosphate are diminished in 
proportion to glomerular filtration,-but their excretion, 
like inulin and urea clearances, may be augmented by 
large sodium intakes. 

The definition of these residual renal capacities has 
facilitated design of individualized diets which permit 
restoration and maintenance of normal body composition. 
This has been followed by changes including improvement 
in well-being, resumption of growth, healing of rickets and 
reduction of hypertension. While the degree of altera- 
tion in ultimate prognosis referable to such therapy is 
still uncertain, the results obtained to date suggest that 
this method of approach may prove both of practical and 
basic interest. 


The Visceral Circulation in Patients with Coarctation of 
the Aorta. James W. CULBERTSON,* WALTER M. Kirk- 
ENDALL, JoHN W. Eckstern and Gerorce N. BebELL, 
Iowa City, Ia. 

Available reports on renal and total systemic (= pul- 
monary) blood flow in patients with coarctation of the 
aorta are conflicting and often fragmentary. Hepatic 


(= splanchnic minus renal and adrenal) circulation re- 


mains unrecorded. 

We have studied renal circulation in 14 patients, 10 of 
them having cardiac output determinations also, and 8 of 
these having additional hepatic blood flow estimations. 
Standard hemodynamic (Fick principle) and plasma 
clearance chemical methods were employed, including di- 
rect registration of intra-arterial pressure levels from 
both brachial and femoral arteries. 

Seven patients had elevated cardiac indices (4.12 — 
5.56 L/min./M’), 1 a normal value (3.04) and 2 in con- 
gestive myocardial decompensation subnormal values 
(2.24 and 1.56). Renal plasma flow was elevated (971 
ml/min.) in 1, normal (553-697) in 8, and subnormal 
in 5 (of whom 3 were in heart failure). Only these 5 
had increased renal vascular resistance. Hepatic hyper- 
emia was found in 3 (2037 — 2559 ml/min.), high normal 
blood flow (1545 — 1866) in 3, and low normal (1145 — 
1186) in 2 who were in subclinical heart failure. Splanch- 
nic vascular resistance was normal in these 2 but re- 
duced in 6. Bromsulfalein plasma clearance (Cosp) was 
normal (441—757 ml/min.) in 7, low (142) in 1 and 
elevated (964) in 1. Splanchnic oxygen consumption 
(85 — 113 ml/min.) averaged above normal, as did total 
oxygen consumption. Systolic arterial hypertension was 
found in the upper compartment and normal mean arterial 
pressure in the lower. 

The data fail to show significantly increased arteriolar 
resistance locally or generally, diastolic hypertension, or 
renal ischemia in patients not in myocardial decompen- 
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sation. They do support normal renal function, hepatic 
hyperemia with decreased splanchnic arteriolar resistance, 
and increased total blood flow and general and splanchnic 
metabolism. This is in sharp contrast to the hemody- 
namics of essential arterial hypertension. 


Comparative Absorption Rates in the Upper and Lower 
Human Small Intestine. Atvin J. Cummins and RAINE 
Jusstra, Philadelphia, Pa. (Introduced by Thomas 
E. Machella). 

Data from animal experiments comparing absorption 
rates in various levels of the small intestine are meager 
and conflicting. Similar data are not available for the 
human. Because of the possible significance of such 
knowledge in various clinical conditions, comparison stud- 
ies of absorption rates in man were undertaken. 

The intubation technic of Nicholson and Chornock was 
used, permitting measurement of the absorption rate of a 
45 cm. segment of the small bowel. In the present study, 
rate of absorption in the upper intestine was compared 
with that in the lower ileum in the same patient, the tests 
being run consecutively. Glucose solutions in concen- 
trations of 5% and 10% were used as test substance in 
seven and six normal subjects, respectively. Urea absorp- 
tion from solutions of similar tonicity was also determined 
in three subjects. 

The resulting data indicate a mean absorption rate in 
the ileum 29% below that of the upper intestine for 5% 
glucose and 46% less for 10% glucose. Reduced absorp- 
tion rates of similar magnitudes in the lower bowel were 
also demonstrated for urea. The results further suggest 
that the absorption rate for water may be reduced in the 
ileum, as indicated by the larger volumes of fluid aspirated 
there. 

Failure to demonstrate significant difference in the con- 
centration of unabsorbed glucose aspirated from either 
site implies that reduced ileal absorption rate is not due 
to greater dilution. Likewise, comparable absorption 
rates of glucose and the readily diffusible substance urea 
make it unlikely that the observed difference is due to 
variation in mucosal phosphorylating capacity. Balloon- 
kymographic studies during the performance of the tests 
confirm the previously observed gradient of lessened mo- 
tility from upper to lower intestine and this motor dif- 
ference may possibly be implicated in the variation in ab- 
sorption rate. 


Observations on Spontaneous and Experimental Cheyne- 
Stokes Breathing in Man. James H. Currens and 
Ruett TAsert, Boston, Mass. (Introduced by Mandel 
E. Cohen). 

Cheyne-Stokes breathing is characterized by recurring 
periods of apnea and subsequent respirations which wax 
and wane. A systematic study of this phenomenon has 
been in progress which has endeavored to (1) record the 
respirations, (2) study arterial blood chemistry in dif- 
ferent phases, (3) evaluate cardiac, neurological and 
mental status and (4) test the effect of drugs and stimuli. 

Eleven patients have been observed to have spontaneous 
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or induced Cheyne-Stokes breathing. The breathing was 
recorded in five patients while inhaling 100 per cent 
oxygen, and in one patient Cheyne-Stokes breathing was 
observed with a persistent blood oxygen saturation of 
100 per cent. Stimuli such as pain, noise, attention, in- 
creased awareness and carbon dioxide have all been found 
to alter or dispel the Cheyne-Stokes breathing. Con- 
ditions which have enhanced this breathing have been 
relaxation and sleep. In three patients this breathing 
occurred after the lowering of blood pressure from pro- 
toveratrine or hexamethonium. Aggravation of abnormal 
neurological signs was observed concomitantly with 
Cheyne-Stokes breathing. The constant dispelling of this 
phenomenon with carbon dioxide inhalation has been 
striking; this is contrasted with the fact that oxygen 
usually had no effect. 

Nine cases have had abnormal neurological signs or 
a history of apoplexy. Four autopsied cases have each 
demonstrated cerebral injury, usually bilaterally. One of 
the autopsied cases had no abnormal neurological signs. 

It is concluded that emphasis should be placed upon 
the neurological aspect of this type of breathing rather 
than on blood chemical changes or degree of congestive 
heart failure. The first description of this disorder by 
Cheyne in 1818 was a cardiac patient who experienced 
apoplexy which rendered him “speechless and hemiplegiac” 
and whose breathing “would entirely cease for a quarter 
of a minute then by degrees become heaving and quick.” 


Inoculation Syphilis in Man. Joun C. Cuter, Lopo DE 


ME Lto, Bernarp I. Kaptan, Harotp J. MAGNuSON,* 
Sipney OLansky and Evan W. Tuomas, Chapel Hill, 
N. C. 


Sixty human prisoner volunteers with well documented 
medical histories were inoculated intracutaneously with 
the Nichols strain of T. pallidum. The experiment was 
designed to assess immunity in relation to serologic tests 
with lipoidal antigens, treponemal immobilization test, and 
duration of original infection prior to treatment. Eight of 
the subjects were non-syphilitic, the remainder previously 
had had syphilis and all except 4 had been treated for 
the disease. Prior to challenge inoculation one half the 
group received 5 X 10" heat killed 7. pallidum intracu- 
taneously and subcutaneously. An anamnestic T. P. I. 
response was demonstrated in some patients, but reagin 
titers were unchanged. Graded inoculums ranging from 
10 to 10‘ virulent organisms were inoculated intracu- 
taneously at 4 sites in each of the controls. The 50% 
infectious inoculum was found to be between 10 and 10’ 
organisms. All other subjects were challenged at a single 
site with 10° organisms. 

The early course of the disease in the normal controls 
was analogous to that observed in naturally acquired 
infection as measured by clinical and serologic changes. 
Of 11 patients previously treated for early syphilis, 9 de- 
veloped dark field positive lesions, 2 dark field negative 
lesions. All showed increasing titers of reagin and T. P. 
I. antibody. Of 34 patients previously treated for late 
syphilis, 2 developed dark field positive lesions, 12 dark 
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field negative lesions with increasing serologic titers, 3 
dark field negative lesions without serologic change, and 
16 showed no clinical or serologic evidence of infection. 
Two of the lesions were clinically gummata. None of the 
4 untreated patients showed clinical or serologic response 
to inoculation. One patient previously treated for asymp- 
tomatic neurosyphilis had as sole response a redevelop- 
ment of active asymptomatic neurosyphilis. This patient 
represents the only reinfection in which no cutaneous 
lesion developed at site of inoculation. All patients were 
treated with penicillin no later than 4 months after in- 
oculation. 

Acquired immunity in human syphilis is shown to exist 
and appears to be related to the duration of the original 
immunizing infection prior to its treatment. 


The Character of the Records Obtained from the Aperiodic 
Ballistocardiograph and Their Relationship to Those 
from the High-Frequency Bed (Starr) Ballistocardio- 
graph. D. C. Deucuar, S. A. Tarsot, F. W. Davis, 
Jr. and W. R. Scarsoroucu, Baltimore, Md. (Intro- 
duced by Benjamin M. Baker, Jr.). 


Analysis of the high-frequency bed ballistocardiograph 
has demonstrated defects of this method of recording mo- 
tions of the body resulting from cardiovascular forces. 
Important amongst these is the excitation of the spring 
and damper system formed by the dorsal tissues of the 
subject, resulting in a distorted frequency response in the 
ballistocardiographic range. 

A light platform floating on mercury has been con- 
structed and ballistocardiograms have been recorded using 
an accelerometer. This system has no restoring force, 
so is aperiodic, and has minimal damping. These proper- 
ties minimize excitation of the dorsal tissues and approxi- 
mate the ideal of a freely floating body. Acceleration 
records so obtained measure forces referred to the body 
without distortion through most of the ballistocardio- 
graphic spectrum now known. Mathematical analysis 
suggests that displacement records from the high-fre- 
quency bed represent grossly the slower forces acting on 
the body, so the two types of records can justifiably be 
compared to study the distortion present in the latter. 

Records of 60 subjects, normals and abnormals, have 
been obtained from both systems. Subjects with normal 
high-frequency bed records yield a consistent pattern on 
the aperiodic bed which contains slurs, splinters and 
faster detail, with the major waves slightly preceding 
the high-frequency bed record in time; late systole typi- 
cally shows a series of small forces, without a major foot- 
ward contribution, in place of the K wave which we 
therefore regard as artefact, in normal records, due to 
after-oscillation. Diastole also shows consistent well- 
defined forces. Abnormal records demonstrate well a 
similar, consistent relationship to the high-frequency bed 
record in all cases. This supports the view that the high- 
frequency bed displacement ballistocardiograph refiects 
grossly the force on the body but significantly distorts its 
detail both in timing and in wave form. 
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Erythrocyte Metabolism. Studies on the Metabolic Be- 
havior of Reduced Glutathione in Human and Avian 
Erythrocytes. ELHANAN DiMmant, EpitH LANDSBERG 
and Irvinc M. Lonpon,* New York, N. Y. 


In studies on the ageing process in erythrocytes, the 
patterns of metabolic behavior of various constituents of 
the erythrocytes are under investigation. This report is 
concerned with reduced glutathione, which has been im- 
plicated in the maintenance of integrity of the structure 
of the erythrocyte. 

Glycine labeled with N” was administered to a normal 
man, and glutathione and hemin were isolated from the 
erythrocytes at intervals thereafter. The isotope concen- 
trations in the hemin reveal a normal pattern of sur- 
vival of erythrocytes. The isotope concentrations in the 
reduced glutathione indicate that the nitrogen, derived 
from glycine, of the reduced glutathione in the human 
erythrocyte is in the dynamic state with a half-time value 
of approximately four days. 

Incubation, in vitro, of intact or lysed human or duck 
erythrocytes with 2-C*-glycine results in rapid incorpora- 
tion of the labeled carbon in the reduced glutathione of the 
erythrocytes. These findings indicate the existence of a 
system in the mature erythrocyte for continued replace- 
ment of the glycine moiety of reduced glutathione and 
provide a basis for the study of the origins, and the 
mechanism of reduction, of glutathione of erythrocytes. 


The Effect of Tetraethylammonium Chloride on the Pres- 
sor Response to Epinephrine and Norepinephrine. R. J. 


DrSatvo, James D. Evans and Arpert A. Brust,* 
Atlanta, Ga. 


The phenomenon of potentiation of the pressor effects 
of epinephrine, norepinephrine and other pressor sub- 
stances during autonomic blockade with tetraethylam- 
monium chloride (TEAC) has been extensively studied 
in animals. In view of the lack of similar controlled 
studies of this phenomenon in man, this study was under- 
taken in order to determine whether similar responses 
occurred in human subjects, since such responses may be 
a factor in the pressor response to TEAC in pheochromo- 
cytoma, and to aid in clarifying the interplay of neuro- 
genic and humoral factors in the regulation of vascular 
tone. 

Comparative studies of the blood pressure and pulse 
effects of rapid intravenous injection of TEAC before 
and during constant intravenous administration of 1-epi- 
nephrine and l-norepinephrine have been made in six nor- 
motensive subjects. Blood pressure was measured by the 
auscultatory method; in 3 subjects direct arterial pres- 
sures were also recorded from a brachial artery by a 
Statham pressure transducer and strain gauge amplifier. 

During a control period, a rapid injection of 400 mgm. 
of TEAC was given, intravenously. When the effects 
of the drug disappeared, intravenous infusion of .085 mcg./ 
Kg./min. of epinephrine was begun. During the infusion, 
when blood pressure and pulse stabilized, 400 mgm. of 
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TEAC was again given intravenously. In the same sub- 
jects on a subsequext day, the procedures were repeated 
except that .085 mcg./Kg./min. of norepinephrine was 
given. 

In all subjects a depressor response to TEAC occurred 
in both control periods (mean — 22/— 12). The response 
to TEAC remained depressor, although of less magnitude, 
during epinephrine infusion. During norepinephrine in- 
fusion, a pressor response to TEAC occurred in all sub- 
jects (mean + 20/+ 12), and the bradycardia due to nor- 
epinephrine was abolished. 

The results indicate that in the range of the physiologic 
doses used, TEAC augments the pressor effects of nor- 
epinephrine, but not of epinephrine, and suggest that the 
mechanism of the pressor response to TEAC in pheo- 
chromocytoma may be due to the presence of circulating 
norepinephrine. 


The Exophthalmos-producing Substance in the Serum of 
Patients Suffering from Progressive Exophthalmos. 
Brown M. Dosyns* and Lots A. Witson, Cleve- 
land, O. 


It has been known for a long time that crude anterior 
pituitary extracts will produce both thyroid hyperplasia 
and exophthalmos when injected into the animals. We 
have recently shown that the exophthalmos producing sub- 
stance (EPS) is different from the thyroid stimulating 
hormone. By chemical methods these two substances 
have been separated and their actions independently 
demonstrated. 

Fundulus, an Atlantic minnow, has proven to be an 
excellent test object for the exophthalmos producing sub- 
stance. Amounts of dried extracts as small as 25 micro- 
grams will cause a positive exophthalmic response in 
these fish, The response usually can be recognized 
grossly in 3 to 6 hours, but it may be accurately deter- 
mined by measuring the intercorneal distance in each fish 
before and following administration of the test material. 

After testing whole serum from many patients with 
severe or progressive exophthalmos in the past with only 
borderline or negative responses, we have recently ob- 
served that the serum of 3 such patients caused a positive 
response when administered to the fish. 

In contrast to the prompt response described above, 
the response from whole serum usually required several 
days. Because the volume of fluid that can be injected 
into the coelomic cavity of these fish is small, 3 injections 
of 0.25 ml. of serum are given over a period of 24 hours. 
Some of our previous failures to demonstrate an exoph- 
thalmos producing substance in whole serum have prob- 
ably been due to 1) an insufficient period of observation 
following injection, 2) insufficient amounts of whole 
serum given (single doses), and 3) marked variation in 
responsiveness of lots of fish throughout the year. Con- 
trol observations, using normal saline, normal saline con- 
taining a standard active EPS pituitary preparation and 
pooled normal serum, have been made. 
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Resistance to Airflow through the Tracheobronchial Tree 
as Measured by Means of a Body Plethysmograph. A. 
B. DuBors, S. Y. BoterHo and J. H. Comroe, Jr.,* 

Philadelphia, Pa. 

Since the ratio of pressure/flow measures resistance, 
in order to obtain resistance to airflow through the 
tracheobronchial tree, it is necessary to have simultaneous 
measurements of airflow and alveolar pressure during the 
period of flow. This is accomplished by having a subject 
sit in an airtight body plethysmograph and breathe air 
from the plethysmograph through a flowmeter. Pressure 
changes in the plethysmograph are measured continuously 
during the respiratory cycle and represent alveolar volume 
changes caused by compression or decompression of the 
alveolar gas during expiration and inspiration. For 
example, for gas to flow out of the alveoli during expira- 
tion, the alveolar pressure must rise above atmospheric; 
if at any one instant the absolute alveolar gas volume is 
3000 ml and the alveolar pressure rises to 10 cm H,O, 
the change in alveolar gas volume, due to compression, 
is 30 ml. Since such small changes in alveolar gas volume 
during airflow can be detected by the change in pressure 
in the body plethysmograph and one other unknown, 
the absolute alveolar gas volume can be obtained by 
measuring simultaneous change in alveolar volume and 
pressure in the tracheobronchial system during the period 
when flow has been interrupted by a shutter, alveolar 
pressure during airflow can be calculated. Measuring si- 
multaneous alveolar pressure and airflow in this manner, 
we have found the resistance of the tracheobronchial tree 
to airflow to be 1.63 cm H,O/L./sec. + S.D. 0.36 in 15 
normal subjects. In subjects with increased airway 
resistance, the values are considerably higher. 


Metabolism of Compound S in Rheumatoid Arthritis; Ef- 


fect on 17-Ketosteroid Excretion. Ivan F. Durr, 

Wiit1aM D. Ropinson, WILLIAM M. MIKKELSEN and 

AvLeTHA M. HemertiIne, Ann Arbor, Mich. (Intro- 

duced by J. W. Conn). 

Recent studies (J. Lab. & Clin. Med., Jan., 1954) by 
Conn, Fajans, Louis, Seltzer suggest that the excretory 
level of 17-ketosteroids can be modified by altered metab- 
olism of adrenocortical steroids, and disclosed that pa- 
tients with liver disease excrete a much smaller proportion 
of administered Compound S as 17-ketosteroids than do 
normal individuals. In normal subjects, on the second 
consecutive day of Compound S administration orally in 
doses of 400 mgm. daily, there is a peak increase in urinary 
17-ketosteroid excretion of 25 to 45 mgm. above baseline 
values. 

This test has been applied to 6 men and 6 women with 
rheumatoid arthritis. Baseline excretion of 17-ketoster- 
oids was below normal in 10 of these 12. In only 4 pa- 
tients did oral administration of compound S_ produce 
a normal increment in 17-ketosteroid excretion (23 to 73 
mgm.) ; in one subject the response was 17 mgm. In the 
remaining 7, the rise in excretory level was 12 mgm. or 
less, with no increase whatsoever in 2 subjects. Further 
alteration in excretory pattern characterized by delay in 
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peak values was seen in 5 patients. Liver function, as 
measured by serum bilirubin, urinary urobilinogen and 
bromsulphophthalein retention, was normal in these pa- 
tients, with the exception of excessive BSP retention in 
one. The abnormal serum protein pattern commonly ob- 
served in rheumatoid arthritis was present in 8. There 
was no obvious correlation with duration, severity or ex- 
tent of the disease process. 

These preliminary results suggest that further investi- 
gation of the metabolism of adrenocortical steroids in 
rheumatic and other chronic diseases may be informative. 


Some Differences in Ventricular Contraction and Relaxa- 
tion in Patients with Mitral Stenosis and Mitral Insuf- 
ficiency as Studied by the Kinetocardiogram. E. E. 
EpDLEMAN, JR. and Ropert H. Yor, Jr., Birmingham, 
Ala. (Introduced by T. R. Harrison). 

Low frequency precordial chest movements (kineto- 
cardiograms) were recorded in patients with mitral 
stenosis and mitral insufficiency by means of a bellows 
system previously described. The events were correlated 
with the electrocardiogram, carotid pulse, and _ballisto- 
cardiogram. 

Patients with mitral stenosis revealed a marked anterior 
or outward movement of the precordium occurring before 
ejection which was sustained above the baseline during 
systole. This was followed by an inward movement 
during isometric relaxation. In contrast to this, patients 
with mitral insufficiency had an inward movement of the 
chest during early ejection followed by a large outward 
movement just before the carotid incisura. 

The findings were interpreted as indicating an exag- 
gerated anterior swing of the heart during systole in 
mitral stenosis probably as a result of the contrac- 
tion of the right ventricle. The swing predominates 
during ejection. However, as the right ventricle re- 
leases, the left ventricle pulls the heart posteriorly 
and leftward in the chest. Mitral insufficiency appears 
to lack the early marked anterior swing but has a late 
systolic swing of the heart. Thus, there appear to be 
fundamental differences in ventricular contraction and 
relaxation in patients with mitral stenosis and mitral 
insufficiency. 


The Effect of Myocardial Anoxia on Myocardial Metabo- 
lism in Vivo. STERLING Epwarps, A. SIEGEL and 
RicHarpD J. Brinc,* Birmingham, Ala. 

The effect of myocardial anoxia resulting from hemor- 
rhagic shock was studied in 16 anesthetized dogs. Shock 
was produced with a modified technique of Wiggers (blood 
pressure reduction to 50 mm. Hg for 90 minutes, then 
30 mm. Hg for 60 minutes, followed by reinfusion of 
blood). Coronary blood flow and myocardial extraction 
and usage of oxygen, glucose, pyruvate and lactate were 
determined during the control period and during the 
oligemic and normovolemic phase. During the oligemic 
phase, coronary flow, coronary vascular resistance, myo- 
cardial oxygen consumption and mechanical efficiency 
were reduced. Reinfusion of blood did not result in a 
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return of myocardial oxygen consumption to normal con- 
trol values. The most significant observation was a re- 
versal of the usual positive pyruvate balance during the 
oligemic phase with the concentration of pyruvate in 
coronary vein blood significantly exceeding that in coro- 
nary artery blood. This was accompanied in some in- 
stances by similar reversal in the extraction of a reduc- 
ing substance determined as glucose by the micromethod 
of Hagedorn. Myocardial oxygen extraction of lactate 
remained positive throughout. These results indicate 
that reduction of coronary blood flow results in severe 
myocardial anoxia which may be responsible for (1) in- 
hibition of enzyme systems engaged ‘n the breakdown of 
pyruvate (cocarboxylase); (2) increased glycolysis, 
which may represent the prime source of cardiac energy 
under those conditions. As a: result, pyruvate accumu- 
lates. Continued extraction of lactic acid might result 
from conversion of lactate to pyruvate or its conversion 
to carbohydrate intermediates in the direction of glyco- 
gen. These metabolic changes point to the possibility of 
an anaerobic metabolism of heart muscle in vivo. 


The Effect of Congestive Heart Failure on Total Blood 
Volume, Red Cell Mass, and Plasma Volume as Meas- 
ured by Radioactive Chromium-Labeled Red Cells. 
Seymour Ersenserc, Dallas, Tex. (Introduced by 
Elias Strauss). 


The effect of congestive heart failure on total blood 
volume and circulating red cell mass remains a matter of 
considerable controversy. Measurements with T-1824 
dye have yielded consistently increased values but it is 
likely that they included an expanded lymphatic space. 
Measurements utilizing radiophosphorus have yielded in- 
consistent changes, but the instability of the P-32 red cell 
complex precludes satisfactory equilibration periods. 

Determination of blood volume and circulating red cell 
mass with radiochromium labeled red cells suffers from 
neither of these defects. This method has therefore been 
utilized in the study of 27 subjects with congestive heart 
failure. Comparisons were made between pre-treatment 
and post-treatment values and between these and the 
values of 20 normal subjects. The patients were grouped 
according to the “degree’ of congestive failure, dependent 
upon duration, severity, and tractability. 

Congestive heart failure resulted in a 22% increase in 
blood volume, a 25% increase in red cell mass and a 17% 
increase in plasma volume. There was a 38% increase in 
blood volume in the “severe” group as opposed to a 14% 
increase in the “mild” group. After treatment, the blood 
volume decreased in 50% of the patients. This shrink- 
age involved a reduction in both red cell mass and plasma 
volume; only rarely did selective shrinkage of plasma 
volume occur. The magnitude of hypervolemia was cor- 
related with the degree of cardiomegaly; following treat- 
ment, shrinkage of blood volume tended to parallel the 
decrease in heart size. 

It is concluded that: 
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1. Heart failure is usually accompanied by an expanded 
blood vnlume, which shrinks after compensation is re- 
stored. 

2. The expanded blood volume, as well as the reduction 
following compensation, involves red cells and plasma 
equally. 

3. Changes in blood volume parallel changes in heart 
size and are not apparently related to the formation or 
delivery of edema. 


The Effect of Variations in Amino Acid Intake and Pro- 
tein Deficit on the Metabolic Response of Soft Tissues 
and Bone to Cortisone Acetate. Lreonarp P. ELrer * 
and Rosert P. Heaney, Oklahoma City, Okla. 


The effects of variations in protein anabolic rate on the 
metabolic response to oral cortisone acetate, 200 to 600 
mg./day, have been studied in a patient who was fed 
synthetic isocaloric diets of differing amino acid content. 

On a zero amino acid intake, after urinary nitrogen ex- 
cretion had stabilized at about 2.0 gm./day, administration 
of cortisone resulted in a transient, slight increase in 
nitrogen excretion, averaging 0.1 gm./day. Amino acids 
50 gm./day, and cortisone, were given during a subse- 
quent period of marked positive nitrogen balance. A 
slight negative balance was achieved only on high doses 
of cortisone. With an amino acid intake of 100 gm./day, 
after establishing nitrogen equilibrium, cortisone resulted 
in a prompt and sustained negative nitrogen balance, 
averaging 1.5 gm./day. 

Urinary calcium, during administration of cortisone, 
rose 96 and 173 mg./day, at the zero and 50 gm. amino 
acid levels, respectively. Preexistent hypercalcuria con- 
fused interpretation of a rise at the 100 gm. level. The 
serum alkaline phosphatase concentrations fell significantly 
at all amino acid levels when cortisone was exhibited. 

Retention of sodium, chloride and water, and eosino- 
penia, were manifested at all amino acid levels, and in- 
dependently of the nitrogen balance, during administra- 
tion of cortisone. 

The results provide further evidence that the principal 
effect of cortisone on protein metabolism is antianabolic. 
However, in the presence of a strong anabolic stimulus 
(protein deficit plus adequate amino acid intake), ad- 
ministration of cortisone failed to induce nitrogen losses, 
except in very high doses. The increases in urinary cal- 
cium, during administration of cortisone, indicated either 
that bone anabolism continued, to a small degree, on an 
amino acid-free diet, and was inhibited, or that cortisone 
also stimulated bone catabolism. 


Plasma Mixing and Removal Curves for Fe® and ]™ 
After Intravenous Injection of Doubly Labeled Iron 
Binding Globulin. P. J. E-mirncer, S. P. Masourents, 
J. Soni, G. E. Futon and S. L. Berxnap, Berkeley, 


Calif. (Introduced by John H. Lawrence). 

Studies of iron turnover involving the labeling of total 
plasma iron have aroused interest in the metabolic relation- 
ship between the circulating plasma iron (CPI) and its 
globulin carrier. The turnover rate of the iron binding 
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globulin (IBG) as well as the plasma iron turnover rate 
was determined with Fe” globulin in which the protein 
was trace labeled with I”. 

In patients given the doubly labeled IBG the two iso- 
topes in the serial samples were separated chemically 
prior to radioassay. IBG singly labeled with I™ was 
used in some patients for comparison of IBG turnover 
rates with iron turnover rates determined several months 
earlier. 

Extrapolation to zero time of the first post-mixing com- 
ponent was used for defining space of dilution of Fe® and 
I IBG. Turnover rates of iron and of the IBG were 
determined from their respective half-times, the concen- 
tration, and volume. 

The serial changes in body distribution of radioactivity 
after injection of IBG labeled only with I™ are similar 
to those observed with gamma emitters confined within 
the vascular bed and are in contrast to the changes which 
occur during the first three weeks following the injection 
of IBG labeled with Fe®. It was calculated that 0.1 to 0.2 
of the total IBG was replaced per day which differs 
markedly from the replacement rate of the total iron. 

The above data are compatible with the concept that 
the globulin functions as a carrier for iron. In addition, 
the data suggest that some abnormalities in the sidero- 
kinetic pattern in various disease states are reflections of 
disturbed carrier globulin metabolism. 


Studies of the C-Reactive Protein in the “Post-Commis- 
surotomy” Syndrome. Samuet K. Ester and Har- 
rison F. Woop, New York, N. Y. (Introduced by 
Alexander B. Gutman). 


The “post-commissurotomy” syndrome developed in 
eight of thirteen patients with rheumatic mitral stenosis 
two weeks to seven months after commissurotomy. The 
characteristic chest pain, fever and cough, often with 
signs of pluritis and pericarditis, usually lasted 1-3 weeks. 
Multiple attacks occurred in 3 patients. 

The C-reactive protein (CRP) in the sera of twelve 
patients was determined pre- and post-operatively. The 
CRP became positive within 24 hours post-operatively 
and remained elevated 1-8 weeks. Markedly elevated 
titers (4-6+) occurred in ten patients. Control studies 
in seven patients following surgery for congenital heart 
disease revealed similar high post-operative titers of CRP 
but disappearance within a week in six. 

Of the eight patients with the ‘“post-commissurotomy” 
syndrome, four had transiently positive CRP pre-opera- 
tively; three had auricular biopsies positive for ‘“Aschoff 
bodies.” Of the remaining five patients, one had a posi- 
tive CRP pre-operatively and two had positive auricular 
biopsies. 

Serial determination of the CRP was performed in six 
instances of the “post-commissurotomy” syndrome. In 
all, the CRP became positive at onset and persisted 
throughout the period of clinical activity. As the syn- 
drome remitted, the CRP diminished and in four in- 
stances persisted for variable periods following apparent 
clinical remission. In three cases, salicylates appeared to 
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suppress the clinical manifestations. I: one, this was as- 
sociated with rapid subsidence of the ‘CRP. Following 
withdrawal of the salicylates, the CRP reappeared 
promptly and without any further treatment slowly sub- 
sided. 

The consistent appearance of CRP in the “post-com- 
missurotomy” syndrome does not indicate that this dis- 
ease necessarily represents a manifestation of rheumatic 
fever. The determination appears to be useful in the 
diagnosis and management of the “‘post-commissurotomy” 
syndrome. 


Studies of an Unusual Patient with Plasmacytosis. 
Ravpu L. Encie, Jr. and Lira A. Watts, New York, 
N. Y. (Introduced by David P. Barr). 

A 38 year old man was found to have 40% plasma cells 
in the bone marrow and an occasional one in the periph- 
eral blood. Almost all of the cells contained rod- or rec- 
tangular-shaped cytoplasmic inclusion bodies which took 
the azur stain. The serum protein was 5.4 gm.% with 
an A/G ratio of 4.1/1.3. Filter paper electrophoresis re- 
vealed a marked hypogammaglobulinemia. The urine 
contained large quantities of a protein resembling Bence- 
Jones protein which precipitated out upon heating and 
redissolved upon boiling. This protein migrated as beta- 
globulin on filter paper electrophoresis. There was hepato- 
splenomegaly and a moderate anemia. X-rays of the 
bones showed minimal osteoporosis. Two small rib 
fractures were present. A diagnosis of multiple mye- 
loma was entertained. 

There were, however, other features not readily ex- 
plained by the diagnosis of multiple myeloma, but more 
characteristic of the adult Fanconi syndrome. Among 
these was a constant aminoaciduria, measured by two- 
dimensional paper chromatography, which was not found 
in 11 patients with multiple myeloma. In addition, gly- 
cosuria of renal type, hypocalcemia, hypophosphatemia, 
and an elevated alkaline phosphatase were found. 

The urinary protein differed from the form described 
by Bence-Jones in that at pH 5 it precipitated out at 65°C 
rather than at 45-55°C. Studies of the amino acid com- 
position of this protein by means of two-dimensional pa- 
per chromatography revealed the presence of methionine 
in considerable amounts in contrast to typical Bence-Jones 
protein which in our experience and that of others con- 
tained practically no methionine. 


The Serum Precipitable Iodine (SPI) in Surgical Stress 


Wiu1am W. Encstrom and 
(Introduced by 


and Serious Illness. 

Bianco Marxkarpt, Milwaukee, Wis. 

Randall G. Sprague). 

The following studies were undertaken to determine 
whether surgical stress elicits effects which alter thyroid 
function (as determined by the SPI) and to define more 
clearly the limits of the SPI as a diagnostic technic. In 
21 of 24 operated patients no significant change in the 
SPI occurred either acutely (hours) or during one week 
after surgery. Thus the phenomena associated with 
surgical stress do not appear to be directly related to al- 
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terations in the concentration of thyroid hormone in se- 
rum. However, the SPI progressively fel! to abnormally 
low levels ir: three patients who expired 5, 6 and 19 days 
post-operatively. 

The behavior of the SPI was then studied in 32 seri- 
ously ill patients who suffered from a variety of condi- 
tions. Fourteen of these expired; the remainder sur- 
vived during the period of observation. The SPI varied 
from 1.2 to 5.9 micrograms % (mean: 3.2 micrograms) ; 
these values contrast sharply with our control range of 
3.5 to 7.0 micrograms % (mean: 5.1 micrograms). The 
abnormally low values appeared to be related to some 
phenomenon of the illness itself rather than to survival 
or to acute stress. Similar to the findings of Recant and 
Riggs (J. Clin. Investigation 31: 789, 1952) in patients 
with nephrosis, we found a close correlation between the 
SPI and the level of the serum albumin. However, we 
do not have data to support the idea that hypoalbuminemia 
from any cause is invariably associated with low SPI. 
Yet, it seems that in many illnesses, especially if severe, 
chronic and associated with hypoalbuminemia, the con- 
centration of the SPI decreases. It is not entirely clear 
what this phenomenon signifies in terms of the physiology 
of the thyroid hormone, but it emphasizes that caution must 
be exercised in the interpretation of low values for SPI. 


Spectrophotometric Determination of Streptolysin-O Ac- 
tivity and Inhibition. Harry A. FeEtpbMAN * and ANNE 
L. Griten, Syracuse, N. Y. 


Herbert in 1941 reported that the activity of strepto- 


lysin-O and the concentration of antistreptolysin-O could 
be measured with greater accuracy if 50% rather than 
100% end-points were used and that saline phosphate 
buffered at pH 6.5 and rabbit erythrocytes in approxi- 


mately 2.5% concentration were advantageous. Liao 
later described a modification of the antistreptolysin-O 
test using 50% end-points and rabbit erythrocytes in 5% 
concentration. Since the 50% unit should be superior 
to the currently favored 100%, this study of the conditions 
required to define a reproducible SLus unit was under- 
taken. Sheep erythrocytes stored in modified Alsever’s 
solution were used and initially veronal bicarbonate buf- 
fered saline (VBBS) at pH 7.3-7.4 was the diluent; all 
readings were made with the Coleman Junior spectro- 
photometer at wavelength 550 mz and plotted by reference 
to the Von Krogh equation. It was demonstrated that 
phosphate buffered saline was preferable and that pH 7.1- 
7.2 was superior to 6.5. With the VBBS, streptolysin-O 
activity was significantly reduced during incubation but 
this could be prevented by including glycerine in the mix- 
ture or by using phosphate buffer. The SLus of dif- 
ferent lots of streptolysin-O determined in this way did 
not vary significantly. In contrast to other reports, the 
relationship between the SLus unit and the concentration 
of erythrocytes is not linear except at erythrocyte con- 
centrations above 3%. In the range 1-3%, the SLus unit 
is relatively constant. Sheep erythrocytes can be substi- 
tuted satisfactorily for human erythrocytes if allowance 
is made for the difference in erythrocyte size. The former 
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are approximately 64% as large as human erythrocytes; 
thus a 4.8% suspension of sheep erythrocytes is numeri- 
cally equivalent to a 7.6% suspension of human cells. 
Froin these findings a test for the measurement of anti- 
streptolysin-O which permits for greater reproducibility 
and for the interchange of erythrocytes of differeht species 
has been constructed. 


Studies in Parahemophilia. Joun B. Frectp and ArNoLD 
G. Ware, Los Angeles, Calif. (Introduced by Paul 
Starr). 


The clinical state of plasma deficiency of accelerator 
globulin (Ac-Globulin, Proaccelerin, Labile Factor) may 
be associated with a bleeding dyscrasia. This disease has 
beed named parahemophilia. The number of such cases 
which have been studied to date are relatively few, prob- 
ably numbering less than ten. 

Under observation is a large, three generation family 
group of which nine individuals have significant reduc- 
tions in plasma accelerator globulin content. Six of these 
individuals have levels of 50% of normal or lower. Five 
others who were found to have normal accelerator globulin 
also present a history of numerous episodes of epistaxis, 
easy bruising, impairment of clotting with minor cuts 
and severe hemorrhage with surgical procedures. Both 
sexes exhibit the clotting defects. The adult females also 
have menorrhagia and hemorrhage with parturition. At 
least ten other members of the family who have not been 
studied, have a similar history. 

The most seriously ill is an eighteen year old female, 
the issue of two first cousins. She has had the typical 
subjective clotting impairment from youth with numerous 
severe bleeding episodes. Since the age of sixteen on, she 
has had several hospital admissions for long periods. She 
was studied in detail. Her Ac-G on numerous occasions 
was zero while her prothrombin concentration ranged 
from 120 to 140 per cent of normal. Fibrinogen was 
normal, prothrombin consumption was negligible. Her 
plasma incubated with normal plasma did not progres- 
sively reduce the average Ac-G value of the pooled sample. 
Given transfusions of fresh plasma, her clotting time was 
shortened and dental extraction was made possible. The 
resulting elevation of Acceleration globulin to 5% of 
normal was temporary and dissipated to zero within six 
days. Methylxanthines orally and parenterally, ACTH 
intravenously and vitamin K in large doses intravenously 
were without effect in increasing Ac-G levels. 


Prolongation of Viability of the Stored Erythrocyte. 
Crement A. Fincu * and Beverty W. Gasrio, Seattle, 
Wash. 


The “storage lesion” of the erythrocyte may be defined 
as a composite of chemical, physical, and morphologic 
changes which proceed to ultimate loss of cell viability 
when blood is preserved in vitro. Because of the impor- 
tance of carbohydrate metabolism in the maintenance of 
the erythrocyte our studies have employed the phosphate 
partition (adenosine triphosphate (ATP), hexosephos- 
phates, 2,3-diphosphoglycerate, etc.) of the erythrocyte 
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as an indicator of the metabolic potential of the cell. 
Post-transfusion survival has been measured employing 
Cr™ tagging of stored erythrocytes. 

Previous work from this laboratory has shown that 
the storage lesion is reversible to a point once stored cells 
are replaced in active circulation. An investigation of 
systems which cause such a reversal in vitro indicate that 
the ATP derivative, adenosine, is the most efficient sub- 
stance in this respect. Following its addition to stored 
blood, there is: (1) a reconstitution of the depleted cellu- 
lar organic phosphates, particularly ATP and 2,3-diphos- 
phoglycerate; (2) associated improvements in osmotic 
fragility, glucose utilization, potassium: sodium ratio, and 
spontaneous hemolysis. Survival measurements, employ- 
ing both rabbit and human erythrocytes, indicate better 
than 70% viability of the cells preserved in ACD + adeno- 
sine at 4° for periods of 5 to 12 weeks, while control 
studies show a comparable survival for only 3 to 4 weeks 
with blood preserved in ACD alone at the same tempera- 
ture. 

These studies demonstrate that membrane integrity 
and viability are dependent upon the maintenance of 
erythrocyte metabolism, and that adenosine provides im- 
portant support to red cell metabolism during storage. 


The Effect of Intravenous Hydrocortisone and Corticos- 
terone on the Diurnal Rhythm in Renal Function and 
Electrolyte Equilibria in Normal and Addisonian Sub- 
jects. Joun T. FINKENSTAEDT, JosepH F. DINGMAN, 
Darton JENKINS, JoHN C. LarpLaw and Joun P. Mer- 
RILL,* Boston, Mass. 


Nine studies on two normal subjects and two Addi- 
sonians on DOCA were performed. During control ex- 
periments, the normal subject showed diurnal rhythm in 
Cin, Cpan, and adrenocortical hormone excretion. The 
Addisonian manifested depressed renal function without 
nocturnal decline. With 24-hour administration of hy- 
drocortisone (1 mg./hr.) to the Addisonian, there was a 
sustained increase in renal dynamics. Slightly greater 
effects occurred with 10 mg./hr. The normal subject on 
the larger dose displayed a greater increase in renal dy- 
namics, but diurnal variation persisted. 

In control studies on normal and Addisonian subjects, 
electrolyte (Na, K, Cl) excretion was related to changes 
in electrolyte filtration rather than reabsorption. In the 
Addisonian, a greatly depressed electrolyte filtration pro- 
duced a decreased excretion. The normal diurnal varia- 
tion was absent. In the Addisonian on maintenance doses 
of hydrocortisone, a sustained elevation of filtration pro- 
duced increased electrolyte excretion which persisted over- 
night. With larger doses of hydrocortisone, slightly 
greater increases in filtration produced an initial electro- 
lyte diuresis. A subsequent increase in reabsorption 
exceeding filtration occurred. Marked NaCl retention 
resulted. With large doses of hydrocortisone in the nor- 
mal subject, an early electrolyte and water diuresis oc- 
curred. Decreased tubular reabsorption, however, was 
responsible for this’ negative balance. As in the Addi- 
sonian, a delayed but less marked rise in reabsorption 
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produced moderate NaCl retention. Persistent potas- 
sium diuresis was observed on large doses of hydro- 
cortisone. 

Corticosterone produced less pronounced changes in 
renal function and NaCl equilibria, and a more pro- 
nounced potassium diuresis. 

The absérice of diurnal rhythm in renal dynamics in 
DOCA-treated Addisonians may be due to the persistent 
action of this steroid or to pure 1l-oxygenated corticoid 
deficiency. The greater effect of larger doses of hydro- 
cortisone on NaCl reabsorption in these Addisonians may 
result from additional DOCA effects or to intrinsic com- 
pensatory mechanisms for salt conservation in adrenal 
insufficiency. 


Cerebral Hemodynamics in Acute Hypotension. FRANK 
A. Finnerty, Jr., Liroyp WitTKIN and Josepn F. 
Fazekas, Washington, D. C. (Introduced by Harold 
Jeghers). 

In an attempt to establish quantitatively the critical 
rate of cerebral blood flow at which signs of cerebral 
hypoxia developed, 46 patients were studied including 
young and old normotensives, hypertensives, benign and 
malignant, and patients with spontaneous postural hypo- 
tension. Cerebral hypoxia was induced by lowering the 
arterial pressure acutely with intravenous hexamethonium 
and/or by head-up tilting. 

Despite the patient’s age, original level of arterial 
pressure, or original rate of cerebral blood flow, signs of 
cerebral hypoxia developed when the cerebral blood flow 
was reduced to 31.5 cc./min./100 gm. of brain (standard 
error 0.98) and the oxygen delivery to the brain fell to 5 
(standard error 0.10). The level of arterial pressure at 
which signs of cerebral hypoxia became manifest varied 
between 100.7 to 40.9 mm. Hg. 

The cerebral vascular resistance fell significantly in 
all groups, except in the subjects with spontaneous 
postural hypotension and malignant hypertension. In 
these 2 groups cerebral hypoxia developed at compara- 
tively normal levels of arterial pressure. The cerebral 
vascular resistance was the highest in the malignant hy- 
pertensive group. 

The cerebral metabolic rate did not change and the 
cerebral arterial-venous oxygen difference increased in 
all patients. 

Angina and electrocardiographic changes were absent 
during cerebral hypoxia. 

Our data demonstrate that there is a critical rate of 
cerebral blood flow and oxygen delivery to the brain at 
which signs of cerebral hypoxia become manifest and 
suggest that the brain is more sensitive to hypoxia than 
the heart. 


Inulin and NA Para-Amino-Hippurate Clearances, Sodium 
and H,O Excretion in Supine Exercising Cardiac Pa- 
tients. Oscar W. Freeman, JosepH S. WI son and 
A. J. Merritt,* Atlanta, Ga. 

Other investigators have found consistently decreased 

Na excretion in normal and cardiac subjects during ex- 
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ercise, irrespective of GFR changes. Twenty four hour 
Na excretion studies in this laboratory, with and without 
exercise, cast some doubt on these findings. 

The present studies, done in supine position to eliminate 
postural effect, include 10 cardiac subjects on digitalis 
and diuretics. Patients were urged to exercise consis- 
tently and strenuously for a 15 minute period. Two types 
of responses were noted. In 4 compensated and clinically 
milder cardiacs, no consistent change or correlation of 
GFR and Na excretion occurred. In 6 more severe car- 
diacs GFR consistently fell below 70 cc/minute during 
exercise. Without exception, GFR averaged 98.7% and 
Na excretion 80.7% of control in milder cardiacs, with 
corresponding decrease in RPF. Urine volume changes 
independently of GFR and Na excretion. In recovery pe- 
riods, Na excretion tended to lag behind GFR in its re- 
turn toward control values. 

Na excretion is influenced by several factors and during 
control periods it varied irrespective of GFR. During 
exercise periods, however, when GFR fell significantly, 
Na excretion always showed a comparable diminution. 
Fifteen normals responded with no consistent change or 
correlation of GFR and Na excretion, as did compen- 
sated cardiacs. 

These findings suggest that the results of others may 
have been due to posture. 


Pentapyrrolidinium (M & B 2050) in the Treatment of 
Severe Hypertension. Epwarp D. Freis,* Eowarp A. 


ParTENOPE and Lawrence S. LiLienFIELp, Washing- 
ton, D. C. 


Comparisons were made in the same, previously un- 
treated, hospitalized patients between the ganglionic 
“blocking” agent pentapyrrolidinium (M & B 2050) and 
hexamethonium. The effective dose of pentapyrrolidinium 
was approximately 1/5th that of hexamethonium and the 
duration of hypotensive response lasted 40 per cent longer. 
On continuous administration there was less development 
of “tolerance” and less constipation than with hexa- 
methonium. There also was little cross tolerance; patients 
on long term hexamethonium treatment, who had become 
resistant to the hypotensive effects of that drug requiring 
increased dosages, responded to doses of M & B 2050 
which were as little as 1/10th to 1/20th the previously 
required amount of hexamethonium. 

Although oral absorption of M & B 2050 was poor simi- 
lar to hexamethonium the hypotensive response following 
oral administration was more uniform and predictable. 
Constipation was less severe and when present usually 
could be controlled with oral neostigmine. Ileus was not 
seen. The other side effects of ganglionic blockade were 
similar to those observed with hexamethonium. Twenty- 
seven patients have been treated for periods of 5 to 8 
months on M & B 2050 alone. Twenty-two of these have 
been controlled without severe reactions although dosage 
adjustment was critical. A few have required parenteral 
therapy. 
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In anot!.er group of patients treated with M & B 2050 
the addition of reserpine produced further hypotensive 
effects in approximately half. 1-Hydrazinophthalazine 
was found to produce additive effects in a similar per- 
centage. Thirty-two patients have been treated for 5 
to 8 months with combinations of oral M & B 2050, 
reserpine and I-hydrazinophthalazine. Withdrawal of the 
latter 2 agents resulted in some increase of average blood 
pressures in approximately half of the patients. 

It is concluded that M & B 2050, although stiil pro- 
ducing many of the side effects of ganglionic “blockade” 
has the following advantages over hexamethonium: (1) 
smaller dosage requirement, (2) longer duration of hypo- 
tensive effect permitting less frequent administration, (3) 
more predictable response to oral therapy, (4) less gas- 
trointestinal atony and (5) less development of “toler- 
ance.” 


A Study of the Blood Volume in Congestive Heart Fail- 
ure. Ropert K. FUNKHOUSER and WALTER H. PritcH- 
arp,* Cleveland, O. 


Recent studies of cardiac failure using labelled red cells 
have failed to demonstrate a significant elevation in blood 
volume, a result which is at variance with the findings 
of previous investigators using labelled albumin. This 
study was undertaken to verify both of these findings and 
if possible to interpret their implications. 

Twenty hospitalized patients were selected; eleven 
controls and nine patients with varying degrees of cardiac 
edema. In each patient, red cell and blood volumes were 
estimated by the Cr™-labelled erythrocyte method of 
Gray and Sterling. Venous samples were drawn over a 
period of one hour, and immediately thereafter, an in- 
jection of I™ human serum albumin was given in order 
to estimate plasma and blood volumes. Hematocrit of 
each blood sample assayed for radioactivity was deter- 
mined. 

Statistical analysis of the relationship of red cell, 
plasma, and total blood volume to height, “wet” weight, 
and surface area was carried out for erythrocyte and al- 
bumin dilutions. Results for weight and surface area 
showed qualitatively similar but quantitatively different 
relationships to each measured blood volume. The cardi- 
acs demonstrated the following statistically significant 
differences from the control group: 

(1) By albumin dilution, the plasma and blood volumes 
were much greater. 

(2) By erythrocyte dilution, red cell masses were ele- 
vated; total blood volume was also elevated even when 
differences in physical dimensions were considered, but 
to a lesser exterit than by albumin dilution. 

This discrepancy in the extent of the difference can be 
explained on the basis of either of two hypotheses ad- 
vanced in the past by others: (1) an altered distribution 
of red cells in the circulation in congestive failure, or (2) 
the presence in congestive failure of a larger than nor- 
mal, rapidly equilibrating, extravascular space of albu- 
min distribution. 
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The Influence of Androgen and Estrogen on the Associa- 
tion of Lipids with Serum Globulins; Ultracentrifugal 
and Electrophoretic Studies of Problems in Athero- 
sclerosis. Ropert H. Furman, R. PALMER Howarp 
and Loyat L. Conrap, Oklahoma City, Okla. (Intro- 
duced by Robert H. Bayley). 


This study was supported in part by research grants 
from the National Heart Institute (H-1429) and the 
Smith, Kline and French Research Foundation. 

Estrogens have tended to become associated with 
prophylaxis against, or delay in the genesis of athero- 
sclerosis, both in chicks (Katz et al.) and human (Barr 
et al.). The latter note the greater proportion of cho- 
lesterol extractable from serum alpha globulin fractions 
in the female and suggest that this alpha lipoprotein-sex 
relationship may be the factor responsible for the relative 
immunity to coronary atherosclerosis enjoyed by premeno- 
pausal women. Lewis, however, has demonstrated that 
alpha-l lipoproteins, while more concentrated in women 
than men, continue to increase in concentration beyond 
the menopause, a time when the female’s “immunity” is 
lost. 

Androgen, especially methyl testosterone, and estrogen, 
chiefly conjugated equine estrogens were studied in rela- 
tion to their effects on serum lipids and lipoproteins (the 
latter by means of the analytical ultracentrifuge utilizing 
a solvent density of 1.21 as described by Lewis) and the 
electrophoretic distribution of serum proteins. 

A variety of human subjects including eunuchoidal 
males, postmenopausal females, and patients with pituitary 


dysfunction were studied. Hypogonadism in either sex 
is associated with increased alpha-1 lipoprotein. Andro- 
gens (especially methyl testosterone) are consistently ef- 
fective in reducing or eliminating alpha-1 lipoprotein. 


Premarin failed to block this effect. Alpha-2 and beta 
lipoproteins responded less uninformly. Alpha-2 lipopro- 
tein tended to decrease and to become ultracentrifugally 
distinct from beta lipoprotein as alpha-1 lipoprotein in- 
creased. Diethyl stilbestrol markedly increased alpha-l 
lipoprotein in the normally endrogenic male. Serum 
cholesterol and phospholipid relationships during steroid 
therapy failed to reveal changes suggesting higher phos- 
pholipid concentrations in alpha-1 lipoproteins. 

Conventional electrophoresis showed no steroid-in- 
duced changes indicative of the marked lipoprotein changes 
noted with the ultracentrifuge. 

It is concluded that the gonadal steroids alter serum 
lipoproteins by influencing the amount and/or nature of 
lipids associating with globulins. The hypogonadal state 
appears to be associated with higher alpha-1 lipoprotein 
concentrations in both sexes. 


Respiratory and Renal Adjustments to Alterations in Acid- 
Base Balance Induced by Diamoz, 2-Acetylamino-1,3,4- 
Thiadiazole-5-Sulfonamide, in Normals and in Patients 
with Chronic Lung Disease. Morton Gatpston,* New 
York, N. Y. 


Recent studies have demonstrated a linear relationship 
between renal tubular reabsorptive capacity for bicarbon- 
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ate bound base (H — Na transfer) facilitated by carbonic 
anhydrase and acutely induced respiratory variations in 
arterial pCO, in the regulation of acid-base balance. It 
seemed important to compare the respiratory system of 
individuals without heart, lung or kidney disease with in- 
dividuals with advanced pulmonary emphysema and ele- 
vated arterial pCO, with regard to sensitivity to deple- 
tion of serum bicarbonate (metabolic acidosis). This 
was brought about by ingestion of Diamox, a potent renal 
carbonic anhydrase inhibitor, in doses of 2.2 to 6.3 mgm/ 
kg. every 6 hours for 1 to 3 months. 

Though members of both groups of patients often ex- 
hibited approximately the same degree of Diamox in- 
duced decrease in serum BHCO, (6.0 to 8.0 mEq/L), 
their respiratory response to the resulting calculated fall 
in arterial pH (7.18-7.26) varied considerably. Normals 
consistently responded with more effective alveolar ven- 
tilation, resulting in decreased arterial pCO, This 
caused further inhibition of renal tubular reabsorption of 
bicarbonate bound base to decrease serum BHCO, an ad- 
ditional 2 mEq/L. As a result, these individuals were 
able to maintain a slightly lowered arterial pH of 7.30 
to 7.35. In contrast, the abnormals exhibited either no 
respiratory response or one which resulted in at most an 
additional fall of 1 mEq/L serum BHCO,. Their re- 
spiratory acidosis therefore became more intense and oc- 
casionally was complicated by metabolic acidosis. The 
potential handicap of such bicarbonate ~bound base de- 
pletion without adequate respiratory compensation is of 
considerable clinical importance where further carbon 
dioxide retention and/or serum BHCO, depletion is likely 
to occur. 

Diamox did not induce any specific alterations in min- 
ute volume of respiration and gas exchange. Diuresis 
was evident only during the first few days of administra- 
tion. 


The Study of Human Serum Phosphatide Patterns in 
Normal and in Pathologic States as Studied by Quanti- 
tative Paper Chromatographic Methods. Menarp M. 
GERTLER and Jacop Kream, New York, N. Y. (Intro- 
duced by Bernard S. Oppenheimer). 


Much attention has been given in the past few years 
to the role of serum phosphatides in atherosclerogenesis. 
Since this lipid fraction is heterogeneous it would be 
desirable and of interest to distinguish the differential 
changes, if any, in the individual phosphatide components. 
Quantitative paper chromatographic methods offered in- 
teresting possibilities in that they could be adapted, both 
to the quantitative and qualitative microanalysis of serum 
phosphatide components such as choline, serine and etha- 
nolamine containing types. Such methods have been de- 
veloped in our laboratory during the past year permitting 
direct phosphatide analysis on small samples of serum. 
Basically the method consists of (a) extraction of the 
phosphatide components from serum, (b) hydrolysis of 
the phosphatide extracts, and (c) separation of the nitro- 
genous components (choline, serine and ethanolamine) of 
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the resulting hydrolysate by means of paper partition 
chromatography and their quantitative estimation by means 
of quantitative colorimetry. 

Data will be presented from (a) 22 normal males of 
various ages, (b) 32 individuals who have experienced 
myocardial infarction, (c) 5 pregnant women at various 
stages of gestation, and (d) 25 samples of serum obtained 
from cord blood. In addition, data will be presented 
showing the differential changes observed in the total 
serum phosphatides and the serum phosphatide components 
during the administration of various oestrogenic ma- 
terials to (a) males with coronary heart disease and (b) 
males with carcinoma of the prostate. 

Much information concerning the serum phosphatide 
pattern has already been accumulated as a result of this 
investigation. Phosphatides containing choline (eg. 
lecithin and sphingomyelin) invariably appear to be the 
predominant type (60-100 per cent) found in human blood 
serum. Practically all the samples analyzed, however, do 
contain appreciable amounts of phosphatidyl ethanolamine 
and phosphatidyl serine indicting that the so-called cephalin 
fraction is heterogeneous. The «atio of phosphatidy! se- 
rine to phosphatidyl ethanolamine is variable. In cer- 
tain samples serine appears to predominate over ethanol- 
amine while in others this situation is reversed. 


Coagulation Defect and Hemorrhagic Diathesis Due to an 
Acquired Inhibitor of Antihemophilic Factor. RoBERT 
GotpsTEIn, Boston, Mass. (Introduced by Samuel 
L. Gargill). 


A circulating inhibitor of antihemophilic globulin has 
been disclosed as the cause of a recently developed bleed- 
ing diathesis in a 40 year old male with a negative family 
and past history. The disorder was characterized by easy 
bruising, spontaneous hematuria, hematomata, and he- 


marthroses. Extensive routine clinical and laboratory 
investigation revealed no other abnormalities or diseases 
including disseminated lupus. 

Coagulation studies revealed: normal bleeding time; 
prolonged clotting time (30-120 minutes) ; extremely re- 
tarded prothrombin consumption; normal platelets; nor- 
mal prothrombin time; normal plasma prothrombin, Ac- 
globulin, pro-Spca, fibrinogen, and anti-thrombin activity ; 
questionably significant increase in plasma anti-thrombo- 
plastin (human brain). The defective prothrombin 
conversion was as readily rectified by small amounts of 
thromboplastin as that of a known hemophiliac, but not 
by fresh normal blood or plasma. Moreover, as little 
as one part of the patient’s plasma to nine parts of freshly 
shed normal blood caused retarded consumption in the 
mixture. By utilizing the prothrombin consumption test 
to determine the antihemophilic, PTC and PTA activity 
of plasma and plasma mixtures, the site of action of the 
anticoagulant could be delineated. The patient’s plasma 
did not correct the retarded prothrombin consumption in 
hemophilia, but could correct that of PTC and PTA defi- 
ciency. Admixture of patient’s plasma or serum with 
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normal plasma markedly reduced the antihemophilic ac- 
tivity of normal plasma but left its PTC and PTA ac- 
tivities intact, thus indicating the specific inhibition of 
the antihemophilic factor. This inhibitor was not adsorb- 
able by BaSO, and survived heating at 56° C. for 30 min- 
utes. Striking similarities between the clotting abnor- 
mality of this subject and that seen in resistant hemo- 
philiacs were noted. 

The etiology remains obscure. There had been no blood 
or plasma transfusions before onset of illness. A history 
of alcoholism and exposure to naphtha and gasoline sug- 
gest the possibility of a toxic reaction. Cortisone therapy 
was ineffective. 


The Role of the Adrenals in the Response to Endotoxin. 
Rosert A. Goop and Lewis TuHomas,* Minneapolis, 
Minn. 


Increased vulnerability to the lethal effect of gram 
negative bacterial endotoxins occurs in adrenalectomized 
animals, and this has been interpreted to indicate that 
resistance to endotoxin involves adrenal function. 

The manifestations of intoxication by endotoxins in 
normal animals include fever, leucopenia, prostration, and 
the local and generalized Shwartzman reactions. When 
repeated injections of small doses are given, a state of 
refractoriness develops, during which none of these re- 
sponses can be elicited. 

It is known that the enhanced susceptibility of adrenalec- 
tomized animals is prevented by cortisone. Moreover, 
cortisone has been found to protect normal adult rabbits 
against the prostrating and lethal effects of meningococcal 
endotoxin. On the other hand, no protection against the 
local or generalized Shwartzman reactions occurs; in- 
stead, the reactions are more readily produced in cortisone- 
treated animals. Furthermore, daily injections of corti- 
sone prevent the development of the refractory state. 

In view of the paradoxical differences between the 
effects of cortisone on different toxic manifestations, the 
responses to endotoxin in adrenalectomized rabbits were 
studied. 

Typical local Shwartzman reactions occurred in each 
of 12 adrenalectomized rabbits. The generalized reac- 
tion, with renal cortical necrosis, was produced in 3. 

Normal rabbits were given repeated injections of 
meningococcal endotoxin until they were completely re- 
fractory to fever, leucopenia, prostration, and the 
Shwartzman reaction. At this time both adrenals were 
removed. Four days later, the degree of resistance was 
found to be unchanged. The refractory state was also 
produced in rabbits which had been adrenalectomized be- 
fore any exposure to endotoxin. 

It is concluded that 1) although the adrenals may be 
implicated in some of the reactions to endotoxin, they are 
not directly involved in the Shwartzman reaction, and 2) 
the development of refractoriness to endotoxin is not a 
function of the adrenals. 
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Tubular Reabsorption of Protein in Experimental Ne- 
phritts. Howarp GoopMaNn and james BaxtTER,* 
Bethesda, Md. 


With acceptance of the concept of a normal glomerular 
filtration and tubular reabsorption of protein, the question 
arises whether there is an increase or a decrease in the 
tubular reabsorption of protein in instances of proteinuria. 
The dye T-1824 has been widely used as a tag for serum 
proteins, and specifically in studies of the renal clear- 
ance of albumin (Chinard, Lauson and Eder, J.C.I. 31, 
895, 1952). In addition, the accumulation of the blue 
dye in droplets in the proximal convoluted tubule cells 
has been described as a measure of the tubular reab- 
sorption of protein in normal and renin-injected rats 
(Sellers, Smith, Narmorston and Goodman, J. Exp. Med. 
96, 643, 1952). In the present experiments, 2.5 mgm. of 
T-1824 is injected intravenously into normal rats and rats 
with proteinuria due to anti-kidney serum nephritis and 
uranium nephritis. With tubular injury due to the ad- 
ministration of uranium, there is less than normal ac- 
cumulation of the blue dye in the renal tubules. In rats 
with the nephrotic syndrome produced by nephrotoxic 
serum, the cortical kidney tubules appear intensely blue 
due to the accumulation of dye droplets in the tubule 
cells. 

These results suggest that tubular reabsorption of pro- 
tein is impaired in rats with proteinuria due to uranium 
nephritis. In proteinuria due to the administration of 
nephrotoxic serum however, the tubules are reabsorbing 
greater than normal amounts of protein, and in this in- 
stance the proteinuria would seem to be due solely to an 
increase in glomerular permeability to protein. 


Observations on the Hyponatremia Following Mitral 
Valvulotomy. ALLAN V. N. Goopyer* and WILLIAM 
W. L. Gienn, New Haven, Conn. 


Twenty-seven patients subjected to mitral valvulotomy 
were studied before and after operation with regard to 
the incidence, extent, and mechanism of post-operative 
hyponatremia. Balances of water, sodium, and chloride 
were carried out on seventeen patients. The serum so- 
dium fell below 131 meq./l. in thirteen cases in the im- 
mediate post-operative period, the serum chloride fell be- 
low 99 meq./1. in all cases but one and below 90 meq./1. 
in thirteen cases. The small negative balances of sodium 
and chloride were inadequate, by themselves, to account 
for the observed hyponatremia in all but three cases. In- 
tracellular shifts of sodium (using the chloride space as a 
reference) were appreciable (over 100 meq.) in only five 
patients. 

The retention of water (allowing for insensible losses) 
was enough to explain the observed hyponatremia in all 
but three cases, although the level of fluid intake was not 
well correlated with the occurrence of hyponatremia. 

These results indicate the presence of an unusually pro- 
longed antidiuretic stimulus in these patients, the etiology 
of which remains uncertain. Except in a few cases it is 
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unnecessary to correct the hyponatremia with hypertonic 
salt, since it is usually a transient, limited, and essentially 
asymptomatic phenomenon. 


Quantitative Studies of the Circulation in Aortic Valvular 
Disease. RicHarp Gorin, Ian K. R. McMann, 
MicHaeEt B. MatrHews, RayMonp Datey and W. E. 
Mepp, Boston, Mass. (Introduced by Eugene C. Ep- 
pinger). 

No data are available concerning left ventricular (LV) 
systolic pressure, regurgitation volume, LV stroke work 
or pressure-flow relationships in aortic valvular disease 
because the first two values, necessary in calculation, 
cannot be measured directly. 

In 1952, McMillan described a cyclic pump wherein 
aortic valves could be perfused with water under simulated 
in vivo conditions and motion pictures taken of the func- 
tioning valve. The hearts of five patients were so studied 
at post mortem. From the films stenotic and regurgitant 
valve areas were measured planimetrically. Utilizing 
orifice formulae relating orifice area, pressure and flow, 
with data obtained at prior cardiac catheterization, re- 
gurgitant volume and LV systolic pressure were estimated. 
Total cardiac output (systemic plus regurgitant) and LV 
stroke work were calculated. 

In pure stenosis (0.4 cm.” area; normal 4 cm.”) LV 
systolic pressure and work were twice normal. In simi- 
lar stenosis (0.4 cm.”) with insufficiency (0.3 cm.” area), 
regurgitant volume was one-half systemic, LV systolic 
pressure twice and work thrice normal. In similar stenosis 
(0.4 cm.’) with tight mitral stenosis, however, because 
of the very low cardiac output, LV systolic pressure was 
only slightly increased and work was below normal. In 
less severe stenosis (0.7 cm.?) with insufficiency (0.4 cm.) 
regurgitant volume equalled systemic, LV systolic pres- 
sure was two and work four times normal. 

Remarkably constant LV systolic pressures between 
200-250 mm. Hg were found at rest and on effort. Ac- 
cordingly, aortic valve gradient and flow had an upper 
limit, thus fixing stroke output for each patient. This 
appeared related to the orifice phenomenon; as orifice 
decreased or flow increased (regurgitation) the exponen- 
tial pressure-flow curve became flat so that further in- 
creases in pressure effected virtually no increases in flow. 
Critical orifice area for pure stenosis was 0.5 cm.’, but 
was correspondingly larger if there was associated in- 
sufficiency. 


Brachial Arterial Pulse Wave Contours in Valvular Heart 
Disease. Davin G. GREENE and Cuaries E. McLean, 
Buffalo, N. Y. (Introduced by John H. Talbott). 


Photokymographic records of intra-arterial pulse pres- 
sures have been made at a paper speed of 120 mm per 
second with a high frequency blood pressure recording 
system. Analysis of the resultant form shows several 
variations among the normal subjects studied, including 
smoothly rounded peaks of pressure during systole, double 
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peaks, and notches or slurs on both the anacrotic and 
catacrotic limbs. Although the ascent from the diastolic 
level to the peak of systole is usually a smooth continuous 
curve with no sudden changes in slope, in three out of 
26 normal subjects there was an anacrotic notch. Such 
a notch was seen more frequently in patients with various 
lesions of the cardiovascular system. Two out of four 
patients with pure aortic stenosis demonstrated such a 
notch. Six out of nineteen patients with mitral valvular 
disease and clinically normal aortic valves also showed an 
anacrotic notch. It was seen in all seven patients studied 
who had aortic stenosis combined with mitral valvular 
disease. It was noted in two of seven patients with aortic 
insufficiency. In the normal subjects the anacrotic notch 
appeared more than 70 per cent of the way up the 
ascending limb of systole, and the same high position of 
the anacrotic shoulder was noted in the patients with 
mitral disease. Patients with pure aortic stenosis, or 
with aortic stenosis combined with mitral valvular disease, 
had a lower position of the anacrotic notch. Three of the 
seven patients with aortic insufficiency showed obliteration 
of the dicrotic notch, so that the catacrotic limb was 
a smooth unbroken fall. 


The Effect of Chelating Agents Upon the Metabolism 
of Stable and Radio-Metals. J. Greenperc, H. E. 
Hart, R. Lewin, H. Spencer, K. G. Stern and D. 
Laszito, New York, N. Y. (Introduced by Louis 
Leiter). 


Chelating agents present a new tool to study deposition 
and removal of physiologic and foreign metals, stable and 
radioactive, in man. This report deals with an analysis 
of the underlying mechanism of these processes, selecting 
as models two radioactive metals which are known bone 
seekers. Following the intravenous injection of La™ and 
of Y” chloride high and sustained plasma levels, high 
uptake by liver and low urinary excretion were observed. 
It is assumed that these metals, upon being injected into 
the blood stream, formed high molecular complexes which 
were not excreted by the kidneys but were transferred to, 
and mainly deposited in, the liver. After intravenous in- 
jection of La™ ethylenediaminetetraacetic acid, (EDTA), 
Y® nitrilotriacetic acid (NTA), Y® EDTA and Y® 
EDTA in the presence of excess Ca-EDTA, the cumu- 
lative urinary excretion ranged from <5% to >85% 
respectively. These excretory differences are in agree- 
ment with the differences in the binding strengths of these 
metal chelates. Yttrium injected as EDTA-chelate rapidly 
disappeared from the blood stream, diffused into the tis- 
sues, re-entered the vascular compartment and large 
amounts were promptly excreted in the urine. Yttrium 
injected as the NTA-chelate also rapidly disappeared from 
the blood stream. There was no evidence of re-entry, 
and there was fixation by various tissues, with areas of 
concentration in bone, liver, spleen and kidneys. The 
urinary excretion was minimal. These differences in the 
metabolism of metal chelates may provide a method to 
measure the ability of biological systems to dissociate 
metal chelates. 
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Remission in Nephrotic Syndrome in Children Receiving 
ACTH. Lawrence GREENMAN and T. S. DANowskKI1,* 
Pittsburgh, Pa. 


In attempts to influence underlying disease rather 
than just deliver edema 30 children with nephrotic syn- 
drome of 22 months duration or less were treated with 
ACTH, 100 mgm daily for 28 days, alone or with nitrogen 
mustard, while on penicillin and diets containing 10 mil- 
liequivalents of sodium and 150 milliequivalents potassium. 

In 15 of 19 patients edema was delivered prior to ACTH 
therapy following dextran (“Plavolex”), polyvinylpyr- 
rolidone, urea or a sodium-free diet. Of the patients in 
whom edema was present at the time the regimen outlined 
above was started 11 delivered the excess fluid within two 
weeks, one at the end of four weeks and two after cessa- 
tion of ACTH;; three required paracentesis. 

Though decreases in albuminuria and restoration of 
serum proteins and cholesterol toward normal began 
during treatment, maximum improvement was often not 
recorded until several weeks following treatment. Twenty- 
eight of the 30 children have been followed for 1 to 26 
months: 64% were normal and 28% greatly improved at 
the last visit. Relapses, responding to re-treatment, oc- 
curred in 21% after remission lasting 3 to 24 months. 
There is no evidence that nitrogen mustard improved the 
immediate or the end results. 

Three patients developed hyponatremia; in two this 
followed paracentesis and reaccumulation of ascites. Two 
developed convulsions with hypertension and serum so- 
dium concentrations of 112 and 116 milliequivalents per 
liter; one was left with cerebral atrophy following re- 
spiratory failure and anoxia. Temporary mental de- 
pression occurred in another patient. Mild upper respira- 
tory infections occurred frequently ; one patient developed 
peritonitis. 

At this point the results suggest that the regimen of 
ACTH-low-sodium-high potassium-penicillin produces a 
high percentage of remissions in the nephrotic syndrome 
of children, but that recurrences which respond to re- 
treatment are relatively frequent. The marked sodium 
restriction may result in sodium deficits and convulsions. 


The Location of the Hypothalamic Area Controlling the 
Secretion of Thyrotropin by the Pituitary. Monte A. 
Greer and Howarp Erwin, Bethesda, Md. (Introduced 
by Harry Eagle). 

Bilateral hypothalamic lesions from anterior commissure 
to mammillary bodies were produced in 424 young adult 


female rats. Lesions were 0-4 mm. above the base of 
the skull and 0-1.5 mm. lateral to the midline. After 
allowing 1-2 weeks for post-operative recovery, the ani- 
mals were fed 0.15% propylthiouracil for 10-14 days. 
Average thyroid weight in 18 similarly fed normal con- 
trols was increased from 7-8 mg./100 gm. body wt. to 
16.3+1.2 mg.; thyroid cell height was also greatly 
increased. Of the operated rats, 364 had a normal hyper- 
trophic thyroid response and 8 had only slight thyroid 
hypertrophy. In 54, thyroid weight was only 4-8.5 mg. 
and there was no increase in thyroid cell height. In the 
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last group, the lesions had either destroyed the paraventri- 
cular nuclei or were in the midline between the paraventri- 
cular nuclei and the infundibulum. In the latter group 
there was marked cellular loss or almost total disappear- 
ance of the paraventricular nuclei, even though the 
paraventricular area was not directly damaged. This area 
was not affected in the 364 animals with normal thyroid 
response. 

Seven of the 8 animals with slight thyroid hypertrophy 
had lesions which partially but not completely destroyed 
this region. Supraoptic nuclei were usually normal and 
their complete destruction did not prevent thyroid hyper- 
trophy. Similarly, lesions directly above, rostral, or 
lateral to the paraventricular nuclei or its caudally extend- 
ing path to the pituitary did not interfere with thyroid 
hypertrophy. These findings strongly indicate that the 
region of the paraventricular nuclei is intimately con- 
cerned with the elaboration of thyrotropin by the pituitary. 


Body Fluids and Electrolyte Balance in Myxedema. S. I. 
GrisorFr, R. Wiener, J. Ersenserc and A. IANNACCONE, 
New York, N. Y. (Introduced by L. J. Soffer). 


Body fluid distribution was studied in one patient with 
primary, and one with pituitary myxedema. Both sub- 
jects had normal extracellular fluid (thiosulfate) and total 
body vater (antipyrine) spaces before treatment. During 
the pe ‘iod of thyroid medication both showed temporary 
expan: ion of thiosulfate space with subsequent fall toward 
contro) levels, while the antipyrine space remained essen- 


tially uialtered. Both patients showed weight loss and in- 
creased urine volume. The subject with primary myx- 
edema : 10wed negative sodium and chloride balances (pre- 
viously positive), continued positive potassium balance, 
and elevated serum mucoprotein and hexosamine during 
the pericd of therapy, suggesting breakdown of extracel- 


lular m)xedematous tissue. Expansion of thiosulfate 
space in both subjects, without comparable change in total 
body water, might signify redistribution of body fluid but 
more probably represents increased extracellular pene- 
trability of thiosulfate ion, with consequent increase in 
measurable extracellular fluid space. 

It was previously found that in normal individuals 
cortisone causes transient increase in extracellular fluid 
space without change in body weight. Before thyroid 
therapy the patient with primary myxedema received cor- 
tisone for 14 days (150 mg./day), which produced no sig- 
nificant change in body fluid compartments. After 54 
days of thyroid medication the addition of cortisone for 17 
days produced increased expansion of thiosulfate space 
without altering total body water or weight. Sodium 
and chloride balance remained negative, potassium bal- 
ance positive, and serum mucoprotein and hexosamine ele- 
vated. These findings suggest intensification of thyroid 
effect following cortisone administration, with further 
breakdown of myxedematous tissue, and indicate that thy- 
roid hormone is necessary for production of cortisone-in- 
duced increase in thiosulfate space. 
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Studies on the Stimulating and Depressant Effects of 
Acetylcholine on Neuromuscular Function in Man. 
Davin Gros,* RicHARD J. JoHNS, Victor A. McKusIcKk 
and A. McGenee Harvey,* Baltimore, Md. 


The response to the intra-arterial injection of acetylcho- 
line (ACh), the chemical mediator of neuromuscular 
transmission, was studied in 26 normal subjects by re- 
cording the stimulating and depressant effects of this 
compound. Injection of ACh produced prompt stimu- 
lation of muscle fibers, attributable to depolarization of 
motor end plates, resulting in a visible twitch . This was 
followed by depression of neuromuscular transmission, 
evidenced by a decrease in the muscle action potentials 
in response to maximal motor nerve stimuli and by weak- 
ness. The depressant effect of ACh, which was propor- 
tional to the logarithm of the amount injected, is at- 
tributable to persistent depolarization of motor end plates, 
rendering them temporarily incapable of activation. 

Precise measurement of these effects of ACh provides 
a tool for studying the physiology and pharmacology of 
neuromuscular function, and its alterations in disease. 
The influence of various types of neuromuscular block on 
the effects of ACh was studied. Following injection of 
d-tubocurarine there was elevation in the threshold to 
stimulation and depression by ACh. d-Tubocurarine block 
was reversible by ACh. Following block by decame- 
thonium the effects of ACh were not altered, and the block 
was not changed by ACh. Following anticholinesterase 
compounds, such as neostigmine or edrophonium, the ef- 
fects of ACh were greatly enhanced and prolonged. The 
degree of block increased with successive nerve stimuli, 
probably because of accumulation of depressant concen- 
trations of ACh. 

Increased reactivity to ACh and prolongation of its 
effects were also observed after upper motor neurone 
lesions. These changes were not due to decreased cho- 
linesterase activity. The most striking increase in re- 
activity (20 fold) occurred in a patient who had recently 
developed basilar artery thrombosis. Since this patient 
also had myasthenia gravis, the increased reactivity is 
of interest in view of the suggestion by some that 
myasthenia gravis is due to decreased responsiveness to 
ACh. 


Nucleic Acid Metabolism in Chronic Lymphatic Leu- 
kemia. Leonarp Hamixton, New York, N. Y. (Intro- 
duced by Joseph H. Burchenal). 

Adenine -8-C* (200 microcurie, 270 mg.) was given in- 
travenously to a patient (age 46) with chronic lymphatic 
leukemia. Thirty-three collections of lymphocytes have 
been made at intervals over a period of 300 days. The 
ribose nucleic acid (RNA) and desoxyribose nucleic acid 
(DNA) have been separated from the cells. The indi- 
vidual purines from each were separated and their radio- 
activities determined. 

It was found that adenine was incorporated as such into 
the RNA, and to a smaller extent into the DNA, and 
that there was an eventual extensive transformation of 
the adenine into RNA and DNA guanine. Radioactivity 
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of RNA adenine appeared to reach a maximum at day 5 
(560 counts/min./uM.) and in RNA guanine at day 14 
(180 counts/min./“M.) ; activity in DNA adenine rea~hed 
a maximum between days 7 to 11 (100 counts/min./#M.). 
The DNA guanine reached an activity (70 counts/min./ 
#M) equal to that of the DNA adenine on about the 30th 
day. The activity of RNA adenine and guanine likewise 
reached approximate equality at 30 days and the activities 
of the purines in each nucleic acid decreased in parallel 
thereafter. 

The decline in activity in both RNA and DNA could 
be divided into two phases—an initial more rapid com- 
ponent of approximately 2 months duration and a residual 
slow component showing a half-time of the order of 300 
days. The decline in activity of the RNA greatly exceeded 
that of the DNA during the initial period, but during the 
latter period the declines in activities of the RNA and the 
DNA were more nearly parallel. The prolonged retention 
of the isotope incorporated into the purines was such that 
at approximately 300 days, activity in the DNA was still 
more than one-third of the peak activity, and was greater 
than that in the RNA. 

These results suggest that: (a) leukemic lymphocytes 
survive for very much longer periods than have hitherto 
been suspected, namely apparently for over a year, or (b) 
that leukemic lymphocytes have a remarkable capacity to 
re-utilize specifically, and with great efficiency, large frag- 
ments of the nucleic acids or nucleoproteins of their 
progenitors. 

The implications of these observations will be discussed 
with reference to the utilization of various precursors by 
lymphocytes and other cell types. 


Catacity of Seriously Wounded Patients to Produce 
Antibody. W. Paut Havens, Jr.,* Don G. Bock and 
IrwIN SrkGEL, Philadelphia, Pa. 


The capacity for production of antibody by young 
soldiers with severe inanition and hypoproteinemia as- 
sociated with poor healing of wounds or neurologic in- 
juries was investigated as one aspect of the metabolism 
of proteins in such patients. Fifteen Schick-negative pa- 
tients and eleven Schick-negative healthy controls were 
inoculated with 50 Lf purified diphtheria toxoid, and the 
amounts of circulating antitoxin were determined at fre- 
quent intervals during the following month. The serum 
albumin before inoculation ranged from 2.0-4.4 gm.%, 
averaging 3.3 gm.%, in the patients, while the amounts 
were within normal limits, averaging 4.3 gm.%, in the 
controls. There were no significant qualitative or quanti- 
tative differences in the patterns of immunologic response 
in the two groups. The maximum measured amounts of 
antitoxin produced by the patients averaged 38.85 units/ 
ml. serum, while the controls averaged 26.50 units/ml. 
serum. No apparent relationship existed in either group 
between the amounts of serum albumin or total proteins 
present immediately before inoculation with diphtheria 
toxoid and the amount of circulating antitoxin which sub- 
sequently developed. There was also no evident relation- 
ship between the capacity to produce antibody and the 
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age of the patient, clinical condition, degree of malnutri- 
tion, or resistance to infection. The only significant re- 
lationship determined in both groups was between the 
amounts of circulating antitoxis found before the Schick 
test and the maximum absolute increases in antitoxin 
attained after inoculation of toxoid. In general, the 
greater the amount of pre-Schick circulating antitoxin, 
the greater was the maximum measured amount subse- 
quently attained. 


Cardiocirculatory Performance in Atrial Flutter. REJANE 
M. Harvey, ANpRE CouRNAND and M. IrENé Ferrer,* 
New York, N. Y. 

A series of nine patients with atrial flutter have been 
studied using the cardiac catheterization technique and 
measuring cardiac output (Fick principle), blood volume, 
right ventricular, pulmonary arterial and peripheral ar- 
terial pressures. The basic pressure curves illustrate the 
constant occurrence of a mechanical auricular activity 
with each electrical flutter wave. Right ventricular and 
pulmonary artery curves as well as the atrial curve itself 
demonstrate the impact of each of these rapid atrial 
systoles. This is in sharp contrast to the pressure curves 
in atrial fibrillation where individual atrial systoles 
cannot aiways be identified. Furthermore the pressure 
pattern of tricuspid insufficiency, so commonly observed 
in atrial fibrillation, rarely occurs in atrial flutter. 

A patient without evident heart disease in atrial flutter 
has been compared to the group with the arrhythmia and 
a variety of intrinsic heart diseases. In this latter group 
four patients in congestive failure were acutely digitalized, 
and two of these were studied again after conversion 
to normal sinus rhythm. Finally two patients in flutter 
but not in congestive failure were observed at rest and 
during exercise and then under these two conditions after 
conversion to sinus rhythm. From the accumulated data 
it is evident that this arrhythmia is associated with a low 
cardiac output only in those subjects with intrinsic heart 
disease, since the blood flow was normal in the one 
man without disease. In addition, the resting cardiac 
output rose after conversion to sinus rhythm in two sub- 
jects, which is reminiscent of observations in atrial fibril- 
lation made by other observers. In general, a small pul- 
monary artery pulse pressure and a low level of pulmonary 
hypertension were found in those subjects with atrial 
flutter and congestive failure in contrast to patients in 
failure with sinus mechanism. 


The Fate of Hydrocortisone-4-C™ in Man. Leon HEtt- 
MAN, H. Leon BrapLow, JEROME ADESMAN, Davin K. 
FuxKusuHma, J. Laurence Kup and T. F. GALLAGHER, 
New York, N. Y. (Introduced by C. P. Rhoads). 
Hydrocortisone-4-C“ was given intravenously to a se- 

ries of human subjects in both tracer and therapeutic 

quantities and the following observations were made 
concerning the metabolism of this principal adrenal hor- 
mone. 

1. The routes, rate, and amount of excretion have been 
defined. 70-80% of the administered radioactivity was 
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eliminated in urine within 24 hours at a rate character- 
ized by a half-life of 3.6 hours. An additional 6% ap- 
peared in urine during the next two days and 9% was re- 
covered in feces in four days. 

2. The absence of hormone breakdown, as indicated by 
loss of C* from ring A, was established by the failure 
to find CO, in expired air by the most sensitive method 
of radiocarbon analysis. 

3. The metabolism of the hormone was independent of 
the amount administered since the rate and cumulative ex- 
cretion were unchanged with amounts of hydrocortisone 
from 0.25 to 100 mg. 

4. The original hydrocortisone was rapidly subjected to 
chemical alteration since 85% of the material excreted 
in the urine was in a conjugated form within two hours. 
The concentration of the free hormone and its metabolites 
in the circulation was measured and, as demonstrated 
by isotopic dilution, a minimum of 87% of the circulating 
radioactivity was present in a form other than the original 
hydrocortisone within fifteen minutes after infusion. 

5. By these criteria, the metabolism of hydrocortisone 
was shown to be independent of physiologic and pathologic 
variations induced by disease. 

6. The problem of “tissue demand” for hormone, as 
evidenced by alterations in these processes, was explored 
in an adrenalectomized oophorectomized patient and no 
differences were observed in the fate of tracer doses given 
at a time when all replacement thrapy was withdrawn and 
again when the tissues of the same subject were saturated 
with hormone. 


Some Metabolic Effects of Glutathione Given Intra- 
venously in Man. Dorotoy H. HENNEMAN, Boston, 
Mass. (Introduced by Mark D. Altschule). 


Large doses of glutathione (Schwarz “Triptide”) were 
injected intravenously in three normal men and thirty-one 
psychotic patients in a total of forty-nine experiments. 
No toxic reactions occurred if certain precautions were 
observed. 

In the fasting state giving glutathione decreases the total 
serum inorganic phosphate, whole blood lactic and pyruvic 
acids, plasma citric acid, and alpha-keto-glutaric acid. 

Four and twelve gram doses administered during thir- 
teen oral or intravenous glucose tolerance tests had no 
effect on the normal glucose tolerance. However, larger 
doses, i.e. 0.5 gm/kg., increased the normal tolerance of 
one normal male and changed the abnormal carbohydrate 
metabolism of one psychotic patient to normal. In four 
psychotic patients a dose of four grams significantly de- 
creased the lactic acid rise observed after administration 
of glucose; no change in glucose tolerance occurred with 
this small dose. 

Glutathione in doses of 12 gm. and of 0.5 gm/kg. had 
no effect on the carbohydrate changes induced in the oral 
or intravenous glucose tolerance by a one to three day 
course of Compound F, or ACTH, in five psychotic 
patients and one normal subject. 

A dose of 0.5 gm/kg. of glutathione increased the 
reaction to insulin in one psychotic patient. The abnormal 
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carbohydrate response to epinephrine became normal in 
one psychotic patient after the administration >f glu- 
tathione. 

Depending upon the dose administered, glutathione in- 
creased the fall in total serum inorganic phosphate due 
to glucose, levulose, pure sodium d-lactate, insulin, epine- 
phrine, and the combined action of ACTH ard glucose. 


The Mechanism Responsible for Hypercalcuria in Sarcoid. 
Pamir H. HenNeMAN, Evetyn L. Carroti and 
Exeanor F. Dempsey, Boston, Mass. (Introduced by 
Fuller Albright). 

A male patient with sarcoid was investigated with a 
complete balance study for calcium, phosphorus, nitrogen, 
sodium, potassium, and chloride. The study was di- 
vided into 6 days fore-control, 30 days oral cortisone 
acetate therapy, and 12 days after-control. 

Initially the patient exhibited hypercalcemia and hy- 
perphosphatemia and markedly negative calcium and 
phosphorus balances. On a diet containing 292 mg. of 
calcium, the fecal calcium was only 23 mg. while the uri- 
nary calcium averaged 930 mg. per day. Cortisone pro- 
duced a fall in the serum calcium, a steplike fall in uri- 
nary calcium to a minimum of 216 mg, and a rise in fecal 
calcium to a maximum of 417 mg. On discontinuing 
cortisone the urinary calcium had risen to 448 mg. per 
day by the 12th day. 

The mechanism responsible for hypercalcemia and 
hypercalcuria in this patient appears, at least partly, to 
be an excessive absorption of calcium from the gastroin- 
testinal tract in a pattern suggesting hypervitaminosis D. 
That excessive absorption is not the entire explanation is 
suggested by a urinary calcium excretion markedly in 
excess of dietary intake, a relation which could be ex- 
plained, however, by the second or parathyroid-hormone- 
like action of vitamin D. These two actions of vitamin D 
are considered to be: 

Fec. Ca — Ser. Ca + -+ Parathy. —-— Ur. P —-+Ser. P + 

Vit. D Fec. P — Ser. P + 

Ur" P, +» Ser. P,—-— Ser. Ca +— Ur. Ca + 

Note is made of the finding of unusually low fecal val- 
ues for nitrogen, sodium, and potassium, a finding noted 
previously during overdosage with dihydrotachysterol. 

In confirmation of this study data are presented from 
balance studies on two other patients with sarcoid. In 
each instance the finding of a very low fecal calcium 
coupled with a very high urinary calcium supports the 
suggestion that the mechanism responsible for hypercal- 
curia in sarcoid may be excessive endogenous production 
of vitamin D-like-substances. 


Evidence of a Regulatory Role of the Thyroid in the 
Excretion of Nitrogen During Stressful Life Experi- 
encesin Man. Basi S. HEtTzEL, WILLIAM W. Scuotrt- 
STAEDT and Wii1am J. Grace, New York, N. Y. (In- 
treduced by Harold G. Wolff). 

Serum protein bound iodine (P.B.I.) and urinary ex- 
cretion of nitrogen, sodium, and potassium before, during, 
and after experimentally induced stressful life experiences 
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have been observed in euthyroid and in hypothyroid sub- 
jects maintained on dessicated thyroid. 

In 14 studies on 13 euthyroid subjects, mean initial 
levels were P.B.I. 5.2 gamma per cent, nitrogen excretion 
6.4 mg./minute, sodium 112 “#Eq./minute, and potassium 
48 »Eq./minute. During the period of stress (lasting ap- 
proximately an hour), increases up to 87 per cent (mean 
50 per cent) in nitrogen excretion, up to 443 per cent 
(mean 109 per cent) in sodium excretion, and up to 114 
per cent (mean 59 per cent) in potassium excretion were 
observed. Significant elevation of serum P.B.I. was ob- 
served in 7 instances. In 6 such studies on 5 hypothyroid 
subjects, mean initial levels were P.B.I. 4.6 gamma per 
cent, nitrogen excretion 4.5 mg./minute, sodium excretion 
87 uEq./minute, and potassium 37 »Eq./minute. During 
the period of stress increases up to 49 per cent (mean 21 
per cent) in nitrogen excretion, up to 185 per cent (mean 
69 per cent) in sodium excretion, and up to 45 per cent 
(mean 26 per cent) in potassium excretion were observed. 
Significant elevation of serum P.B.I. was not observed. 

The differences in the increases in nitrogen and po- 
tassium excretion in the two groups were significant 
(P <0.05) but the differences in the increases in water 
and sodium excretion were not (P > 0.05). 

No differences from euthyroid subjects were observed 
in one adrenalectomized subject and one Addisonian sub- 
ject maintained on cortisone and desoxycorticosterone 
acetate. 

The findings suggest that the thyroid is exerting a 
“regulatory” role in the excretion of nitrogen and po- 
tassium during stressful life experiences in contrast to 
the “permissive” role of the adrenal cortex. 


Studies of Pregnancy in Adrenal-Deficient Women. A 
G. Hits, E. H. Venninc, G. W. Wesster and E. M. 
RicHarpson, Philadelphia, Pa. (Introduced by F. C. 
Dohan). 


The occurrence of pregnancy in two women who be- 
cause of severe hypertensive disease had been adrenalec- 
tomized (subtotally and totally respectively) permitted 
studies concerning the question of “adrenal-cortical like” 
activity in the adrenal-deficient pregnant woman. Urinary 
elimination of neutral 17-ketosteroids and of neutral re- 
ducing lipids (chemocorticoids) was markedly and pro- 
gressively increased in both women from early in the 
second trimester until delivery. Biocorticoids (glycogenic 
corticoids) were excreted in the urine of both women 
during the latter half of pregnancy in quantities amount- 
ing to about four times the values observed during the 
non-pregnant periods. 

The quantity of 17-ketosteroids and of biocorticoids 
excreted by these women in the latter half of pregnancy 
was in the general range of values observed at correspond- 
ing periods in normal pregnancy, and the biocorticoid ex- 
cretion was of the order of magnitude encountered in 
Cushing’s syndrome. In spite of these high values for 
urinary steroid excretion, both women were shown to be 
vulnerable to the development of acute adrenal insuf- 
ficiency during the second and third trimesters of preg- 
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nancy ; and in the one patient who required steroid therapy 
at all times, no decrease of hormone requirement ac- 
companied pregnancy. 

The conjunction of adrenal insufficiency with the very 
high values for the urinary steroids, especially the bio- 
corticoids, indicates either 1) that pregnancy greatly in- 
creases hormone requirement or 2) that during preg- 
nancy the urinary excretion of chemocorticoids, 17-keto- 
steroids, and biocorticoids fails to afford a roughly quanti- 
tative reflection of available (secreted plus exogenous) 
cortical hormone, owing to a presumptive alteration of the 
usual pathways of steroid metabolism resulting in aug- 
mentation of the proportion of secreted steroids and their 
metabolites eliminated in the urine. A definitive choice 
between these possible explanations is not warranted at 
present. 


Some Aspects of Kidney Function in Hepatolenticular 
Degeneration (Wilson’s Disease). Ropert E. Hopces, 
Wa ter M. KIRKENDALL, CHARLES SCHWARTZ and J. 
Burnette Wr, Iowa City, Ia. (Introduced by Horace 
M. Korns). 


The cause of increased renal excretion of amino acids 
and copper in Wilson’s disease is unknown. Uzman sug- 
gested that aminoaciduria causes increased copper ex- 
cretion when oligopeptide compounds are in a chelation 
complex with copper. The aminoaciduria may result from 
competition between free amino acids and peptides for 
common tubular transport mechanisms. 

We studied four patients with Wilson’s disease and 
three normal persons with standard renal clearance meth- 
ods using insulin and para-aminohippuric acid (PAH) in 
protein hydrolysate and determined renal clearances of 
copper and amino acid nitrogen. Renal extraction of 
PAH was measured in one patient with Wilson’s disease. 

Glomerular filtration was within normal limits in both 
groups of patients. Renal plasma flow in the Wilson’s 
disease patients was approximately 2/3 of the normal. 
Renal extraction of PAH was 91 per cent in one patient 
with Wilson’s disease. During protein hydrolysate in- 
fusions plasma levels of amino acid nitrogen rose and 
copper remained unchanged in both groups. Clearances 
of amino acid nitrogen rose equally in both groups. How- 
ever, clearances of copper rose only in the Wilson’s dis- 
ease patients and averaged about three times pre-infu- 
sion rates. 

These findings demonstrate a significant reduction in 
renal blood flow in this group of patients with Wilson’s 
disease. With the normal glomerular filtration this sug- 
gests abnormal renal vascular resistance. The parallel 
rise in excretion of copper and amino acid nitrogen is in 
keeping with Uzman’s hypothesis of competitive tubular 
reabsorption. The findings might also be explained by 
postulating a primary tubular defect. 


The Role of Regeneration in the Morphogenesis of Ex- 


perimental Fatty Cirrhosis. F. W. HoFrsauer,* 
Minneapolis, Minn. 
The transformation of a fatty liver to cirrhosis has been 
studied in male rats (initial weight 100 grams) fed a 
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choline deficient diet. Five recognizable stages are: I, 
(10-15 days) centrolobular cells fatty. II, (15-30 days) 
all liver cells fatty, centrolobular fatty cystydisintegration 
underway. III, (30-60 days) periportal regeneration 
(normal hyperplasia). IV, (60-90 days) compression 
of centrolobular fatty cysts and formation of fibrous septa 
linking central veins. V, (90 days to death, 120-180 
days) pathological regeneration—concentric nodular hy- 
perplasia. 

The manner of liver regeneration, initially of a normal 
order (stage III and IV) and later pathological in char- 
acter (stage V), appears to determine the pattern of 
architectural alteration. 

The situation in stage II is comparable to that of an 
animal subjected to partial hepatectomy, ie. there is a 
marked deficiency in the number of functioning liver cells. 
The response is regeneration—normal hyperplasia. The 
multiplication of cells occurs about the small portal triads 
where the parenchyma is the least fatty. This periportal 
growth of new cells exerts pressure on the disintegrating 
fatty cysts (stage III) and, continuing, determines the 
location of septa composed of micromembranes (stage 
IV). The normal hyperplasia increases the size of the 
already large fatty liver. As long as it persists, the liver 
maintains a characteristic microscopic picture (fibro- 
cirrhosis—normal spatial relationship, lobular pattern out- 
lined by fibrous septa). The animal remains healthy. 

There is a constant loss of functional tissue as newly 
formed cells become fatty. This provides a continuing 
intense stimulation for regeneration. Ultimately the 
orderly growth of new cells gives way to pathological 
regeneration (stage V). Individual concentric hyper- 
plastic nodules appear and gradually increase in number. 
Normal regeneration apparently ceases and the growing 
nodules predominate. The microscopic picture (fibro- 
nodular cirrhosis) is one of disorganization; distortion and 
compression of the original liver tissue and especially the 
intrahepatic veins is apparent. During this stage the size 
of the liver usually decreases, the animal loses body 
weight and terminally exhibits effusions. 


Effects of CO, Retention on Intracellular Acid-base Bal- 


ance. Duncan A. Horapay, New York, N. Y. (In- 


troduced by E. M. Papper). 


Blood and thigh muscle samples were obtained from 
15 anesthetized dogs before and after 90 minutes of 
normal respiration or induced hypoventilation with an 
oxygen enriched gas mixture. These methods of ventila- 
tion did not reduce arterial saturation to levels below 
the control in 14 experiments. pH, CO, content, oxygen 
content and capacity, hematocrit, chloride, sodium, potas- 
sium, and water content were obtained on whole blood 
and plasma; inorganic phosphate and lactic acid contents 
were obtained on plasma. Tissue chloride, sodium, potas- 
sium, water, and fat contents were determined. Tissue 
CO, content was analyzed by the method of Danielson 
and Hastings. Derived values included: venous blood, 
pCO., buffer base (Singer and Hastings nomogram), 
extracellular water and electrolyte contents, intracellular 
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pH, water and electrolyte contents. Control animals ex- 
hibited insignificant changes in the above values. In- 
creases in pCO, betwen 74 and 138 mm. Hg maintained 
for 90 minutes resulted in an average reduction in plasma 
pH of 0.55, and a reduction in buffer base of 15.6 meq./L. 
of blood. The mean increase of blood bicarbonate was 
only 2.8 mM./L. Intracellular pH was reduced to the 
same extent as the plasma pH. The bicarbonate and sodium 
and potassium contents of cells remained essentially un- 
changed. If a buffer capacity similar to that of blood can 
be ascribed to cellular proteins, then decrease in pH 
was probably accompanied by the appearance of sig- 
nificant amounts of intracellular acids, as yet unidentified. 
These changes are also accompanied by a decrease of salt 
and water in the blood and an increase of salt and water 
in cells. Intermediate pCO, elevations (+30 to +57 
mm. Hg) result in similar alterations of a proportionally 
smaller magnitude. 


Biochemical Determination of Blood and Urine Catechol 
Amines as a Measure of Sympathoadrenal Activity in 
Hypertension. S. W. Hoosier,* A. Acrest and R. J. 
WarzynskI, Ann Arbor, Mich. 


By the method of Weil-Malherbe (Bioch. J. 51: 311, 
1952), it was possible to detect increases in the level of 
blood catechol amines under conditions of environmental 
stress in some hypertensive patients and a regular decline 
in these compounds when sympatiioadrenal activity was 
suppressed by ganglionic blocking drugs. In two patients, 
stressful interviews raised the level of blood catechol 
amines from 1.6 to 3.1 and from 4.1 to 5.4 meg./liter 
respectively. 

In all seven patients treated with ganglionic blocking 
agents, a decline in blood level was noted. The mean 
value before treatment was 2.7 mcg./liter and after treat- 
ment was 0.47 mcg. 

The decline in blood catechols was not proportional 
to the degree of reduction of blood pressure, and did not 
regularly occur after supradiaphragmatic sympathectomy 
(D; — D,,)._ Twelve normal patients, 2 hyperthyroid, 17 
“stable” and 18 labile hypertensive individuals showed no 
significant difference in resting blood catechol !evels. 

The method of Weil-Malherbe was modified for urine 
analyses by removing the catechols on an alumina column 
at pH 84, eluting with 0.2N acetic acid, concentrating 
to dryness and separating from each other by paper chro- 
matography. In 6 normals, the average 24-hr. secretion 
of noradrenaline was 104.7 mcg./24 hrs., adrenaline was 
33.2 mcg. and hydroxytyramine 87.6 mcg. Fourteen hy- 
pertensive subjects showed no significant differences. 

In one case of pheochromocytoma, the urinary catechols 
were noradrenaline 2,534, adrenaline 160 and hydroxyty- 
ramine 1462 mcg. per 24 hrs. 

In conclusion there appears to be an approximate cor- 
relation between the blood levels of catechol amines and 
sympathoadrenal activity. On the basis of this measure- 
ment, no increase can be noted in resting hypertensive 
subjects. Their response to stress remains to be studied. 
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24-hour urine excretion of the individual catechol amines 
can now be measured with fair accuracy, and does not 
appear altered in essential hypertension. 


Blood (Red Cell) Volume Measured by Carbon Monoxide 
and Radiochromium Methods. James Hopper, Jr., 
NorMANn Nomor, ELtEN Brown, REmipAR WENNESLAND 
and Kennetu G. Scott, San Francisco, Calif. (Intro- 
duced by T. L. Althausen). 

CO and Cr™-available spaces were determined simul- 
taneously under resting conditions in 6 healthy subjects and 
29 patients with various diseases. In all but 2 of the 35 
subjects, the CO space was greater than Cr™ space, and 
the average discrepancy was 16%. The difference in 
spaces was of the same magnitude in disease states as in 
health. Distribution of both CO and Cr™-tagged cells 
was complete within 20 minutes, and Cr™-space remained 
nearly constant for 24 hours. It is concluded that (a) 
the entire contents of the vascular compartment are 
reached by these indicators, and (b) CO is distributed to 
a space which is about 16% larger than intravascular red 
cell volume. Since the CO reaches its maximum volume 
of distribution during the first 20 minutes of re-breathing, 
it is assumed that it becomes bound by substances having 
affinity for CO similar to that of the hemoglobin in cir- 
culating cells. Experiments are in progress to determine 
the areas of the body where such combination occurs. 
Relative concentration of CO and Cr™ is determined in 
various tissues of the rabbit, including bone marrow. Dif- 
ferential measurements of CO and Cr™ spaces may prove 
to be a means of estimating stores of non-circulating 
hemoglobin-like substances. 


Clinical and Sub-Clinical Responses to Poliomyelitis In- 
fection in Families. D. M. Horstmann * and R. W. 
McCotitum, New Haven, Conn. 

The present study is concerned with factors governing 
the incidence of infection among familial and other close 
contacts of poliomyelitis cases. Attention was focussed 
on the correlation of infection (or its absence) with 
immune status, and on the relation of age to clinical mani- 
festations of the disease. Such a study is now feasible 
because of the introduction of tissue culture techniques 
into poliomyelitis research. 

The group studied consisted of 32 index cases and their 
91 household and daily contacts. Twenty-eight of the 
contacts were found to be infected with Type 1 polio- 
myelitis virus; 13 of these had symptoms compatible with 
the “minor illness,” and 15 were asymptomatic. When 
the antibody status of these who failed to become infected 
was determined, it was found that a number already pos- 
sessed Type 1 antibodies, and could therefore be consid- 
ered immune. When only susceptibles were considered, 
the infection rates were very high indeed: of 73 household 
and daily contacts under 15 years of age, 29 were suscep- 
tible; of these, 26 (90%) were infected. In contrast, of 
the 18 in the age group 15 years old and over, 10 were 
susceptible, and only 2 of these (20%) were excreting 
virus. 
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Although infection rates were uniformly high through 
0-14 years, the clinical response in different age groups 
varied. A trend toward milder infections and less 
paralysis was noted in infants and young children when 
clinical manifestations of the 60 infected individuals (32 
cases and 28 contacts) were analyzed. The ratio of in- 
apparent to apparent infections was about 1:1, in con- 
trast to the estimated figures of 100:1 for the general 
population. 


Cardiac Output by Body Surface Counting of I™ Human 
Serum Albumin. Rex L. Hurr,* D. D. FELier and 
GeorcE Bocarpus, Seattle, Wash. 


A new and simple technique for measuring cardiac out- 
put has been devised employing body surface counting 
following a single intravenous injection of I Human 
Serum Albumin (HSA). The simplicity, reliability, and 
rapidity of the method give great advantages over other 
methods. It can be carried out in a physician’s office 
and can be used to measure the cardiac output of exer- 
cising individuals. 

The injection of I™ HSA is made into the antecubital 
vein of man or the femoral vein of dogs and the counting 
rate recorded from a narrow-angle scintillation counter 
placed on the skin between the first and second ribs at the 
left parasternal line. Count rates as a function of time 
are obtained which are similar to those obtained by 
direct arterial blood sampling. The area under the extra- 
polated curve, measured as in the direct eye or radioiso- 
tope procedure, is divided into the equilibrium counting 
rate. The dimension of the cardiac output thus obtained 
is in terms of a multiple or fraction of the subject’s blood 
volume per unit time. Conversion tc liters/min. is 
made by taking several venous blood samples for blood 
volume determination. 

Validity and reliability of the technique are affirmed by 
the fact that measured cardiac indices of hospitalized pa- 
tients agree with those expected from the history and 
physical findings of the patient. Normal individuals have 
normal values. Furthermore, simultaneous cardiac in- 
dices measured by the Direct Fick Method agree favorably 
with this in vivo isotope method. 

Up to three separate determinations may be performed 
at one visit within a half hour period. In some cases, 
further tests are limited by the radiation tolerance doses 
for I™; however, repetition is permissible at a later 
date. 


A Study of the Physiologic Closure of the Ductus Ar- 


teriosus in Newborn Infants. Herspert N. Huttcren, 
Frepertc L. Ex_pripce and Mary E. WicMore, San , 
Francisco, Calif. (Introduced by Lowell A. Rantz). 


The exact time of functional closure of the ductus ar- 
teriosus in the normal human infant has never been de- 
termined, although animal experiments have suggested 
closure immediately after birth. 

To determine this, arterialized capillary blood samples 
were obtained from the right hand and foot of 33 normal 
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newborn infants and analyzed for oxygen content and 
capacity. 

31 of the 33 infants showed right hand oxygen satura- 
tions of 90% or more, indicating that true arterial blood 
was obtained. Up to 3 hours after birth, the oxygen 
saturation of blood from the foot was significantly lower 
than that from the hand in 9 of 12 cases studied, indi- 
cating the presence of a veno-arterial shunt through the 
ductus arteriosus. Calculations in these cases indicate the 
ductus was contributing from ¢? to 4 of the total blood 
flow in the descending aorta. In infants 3-72 hours after 
birth, 7 of 15 cases showed evidence of a veno-arterial 
shunt through the ductus. None of the 6 infants over 3 
days of age showed any significant difference in saturation 
between right hand and foot. 

These findings indicate that the ductus arteriosus is 
patent, that a veno-arterial shunt occurs in most infants 
under the age of 3 hours, and that this may persist in a 
significant number of infants up to the age of 3 days. In 
those infants showing no difference in hand-foot satura- 
tions and in infants over 3 days of age, either the ductus 
had closed or the shunt had become arterio-venous. 

Low oxygen mixtures (12%) were administered to 4 
infants showing no evidence of veno-arterial shunt. Sig- 
nificant differences in hand-foot saturations were produced 
indicating either re-opening of a closed ductus or reversal 
of flow through a patent ductus due to increased pul- 
monary vascular resistance. 


The Effect of Cortisone and Hydrocortisone on the 
Peripheral Utilization of Thyroid Hormone. S1pney H. 
InNGBAR and Norsert FREINKEL, Boston, Mass. (In- 
troduced by Maxwell Finland). 


Changes in iodine metabolism have been described dur- 
ing induced hyperadrenocorticism or stressing environ- 
mental manipulations. Studies were designed to in- 
vestigate the mechanisms whereby these changes are 
induced. 

By a method designed to minimize errors resulting from 
mixing phenomena, thyroxine utilization rates were de- 
termined in 9 patients on constant diets before and during 
the administration of cortisone or hydrocortisone. Thy- 
roxine space was calculated daily for 8-16 days as the 
quotient of the residual radiothyroxine (administered dose 
minus fecal, urinary, and thyroidal collection of radio- 
iodine) and the plasma radiothyroxine concentration. 
After distribution equilibrium had been achieved, as evi- 
denced by constancy of the calculated space, the fractional 
daily turnover was determined from the exponential 
slope of the plasma concentration. Utilization rate was 
calculated as the product of the plasma PBI and the daily 
volume turnover (fractional turnover X space). 

In 4 patients with primary myxedema and in 3 in whom 
thyroid function had been abolished by exogenous hormone, 
alterations in pituitary and thyroidal function were elimi- 
nated as experimental variables. Daily doses of 75-200 
mg. of steroid in these patients and of 25 mg. in 2 
patients with panhypopituitarism failed to change uti- 
lization rates or PBI’s significantly. In the latter pa- 
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tients cortisone did not directly suppress thyroidal func- 
tion, since calculated values of the daily hormone produc- 
tion were also unchanged. 

These data suggest that during periods of dietary con- 
trol, rates of thyroxine utilization are not conditioned by 
the availability of 11-17-oxygenated steroids. Hence other 
mechanisms must be invoked to explain changes in iodine 
economy which follow certain noxious stimuli. 


Bacteriophage Typing of Staphylococci in Clinical Epi- 
demiology with Observations on Antibiotic Resistance. 
Grorce Gee JacKsSon and Mark H. Lepper, Chicago, 
Ill. (Introduced by Harry F. Dowling). 

Clinical investigation of infections caused by staphylo- 
cocci has been impeded by the lack of a suitable means 
of classifying strains within the species except by broad 
biologic characteristics. Using 20 staphylococcic bacterio- 
phages, 2085 strains of coagulase positive and coagulase 
negative staphylococci isolated from 795 persons have 
been tested for patterns of lysis. One-hundred-twenty-nine 
patterns of strong lysis were observed among 541 coagu- 
lase positive strains, and these enabled the identification of 
specific strains with a high probability of validity. 

The bacteriophage reactions permitted classification 
of typeable strains of staphylococci into 4 broad groups 
according to the grouping of phages suggested by Williams 
on the basis of the association of lysogenic reactions, and 
4 additional intermediate groups. Most of the broad phage 
groups were represented among cultures taken from dif- 
ferent anatomical sites but particular groups showed a 
statistically significant increase or decrease in the fre- 
quency of occurrence in the respiratory tract. Ninety per 
cent of the strains isolated from patients with staphylococ- 
cic enteritis in 3 hospitals could be assigned to 2 phage 
groups. The distribution of the phage groups among pa- 
tients, their contacts, and hospital personnel was not in 
the same proportion as their overall representation. Ob- 
servations were made on the exchange of strains in persons 
within each of these population categories. 

The development of resistance to the action of penicillin, 
chlortetracycline and erythromycin does not alter the 
phage reaction of the strain and statistically significant 
differences in the number of sensitive and resistant strains 
were observed among the different phage groups for each 
of the antibiotics tested. 


The Effect of 17 a-Hydroxyprogesterone upon the Urinary 
Excretion of 17-Ketosteroids and “Pregnanediol Com- 
plex” and its Possible Role in Congenital Adrenal 
Virilism. JosepH W. JaAtLer,* Jay J. Gotp, SEyMouR 
LIEBERMAN and RayMoND VAN DE WIELE, New York, 
N. Y. 

Previous investigations have shown that the adminis- 
tration of ACTH to patients with congenital adrenal 
virilism results in no increase in the excretion of formalde- 
hydogenic steroids; no retention of sodium; and no fall 
in eosinophils (Wilkins et al.; Bartter and Albright; 
Jailer et al.), but does result in a marked rise in the 17- 
ketosteroid and “pregnanediol complex” excretion. Con- 
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sequently, one can postulate that the adrenals of these 
patients have difficulty in synthesizing hydrocortisone, and 
elaborate instead steroids which are precursors of the 
17-ketosteroids and the “pregnanediol complex.” Hechter, 
Pincus, and others have demonstrated that progesterone 
can be hydroxylated by surviving adrenal tissue at the 
C-11, 17, 21 positions to form hydrocortisone. One of 
the intermediary steroids formed in this biosynthesis is 17 
a-hydroxyprogesterone. This steroid had been pre- 
viously isolated from adrenal tissue by North and Pfiffner, 
and has been shown to be androgenic when administered 
orally to chicks. 17a-hydroxyprogesterone has been ad- 
ministered orally to 8 patients; 2 patients with Addison’s 
disease, 2 patients with hypopituitarism, and 4 patients 
with the adrenogenital syndrome whose 17-ketosteroid 
excretion was being suppressed with cortisone. In all 
cases a rise in the 17-ketosteroid and “pregnanediol com- 
plex” excretions occurred. Chromatographic separation 
and infra-red identification of the 17-ketosteroid complex 
revealed the presence of androsterone, etiocholanolone, and 
17-hydroxypregnanolone which are urinary metabolites 
usually found in the adrenogenital syndrome. One can 
speculate that in adrenal virilism an enzymatic block 
exists which prevents the complete hydroxylation (prob- 
ably at C-11 and C-21) of steroidal precursors of hydro- 
cortisone. This may result in the secretion of excessive 
amounts of 17a-hydroxyprogesterone. Since 1l-oxygen- 
ated 17-ketosteroids are found in high concentrations in 
the urine of some patients with virilism, it is possible 
that the block in hydroxylation in these patients occurs 
only at the C-21 position, and this may lead to the ex- 
cessive secretion by the adrenal of “118, 17a-dihydroxy- 
progesterone” or 2l-desoxyhydrocortisone which then is 
metabolized to 1l-oxygenated ketosteroids. 


Studies on the Mechanism of the Anemia of Liver Disease. 
James H. Jano, Boston, Mass. (Introduced by W. B. 
Castle). 


Red cell survival studies on 20 patients with chronic 
alcoholism, hepatic cirrhosis, and macrocytic anemia re- 
vealed a hemolytic process proportional in severity to 
the degree of anemia. The calculated daily hemoglobin 
production and the total urobilinogen excretion of these 
patients both averaged 1.5 times normal, and ranged up 
to 3 times normal. An increase of hemoglobin values, 
associated with persistently elevated reticulocyte levels 
and increased numbers of nucleated red cells in the mar- 
row, occurred spontaneously in most patients despite little 
or no improvement in red cell survival. The rate of 
hemolysis was not influenced by cortisone. Except for 
initial large red cell volumes and except for loss of 
osmometric function together with increase in mechanical 
fragility, developing after 24 hours of sterile incubation, 
the patients’ red cells were not measurably abnormal. 
Red cell “flattening” as seen in acute hepatitis and ob- 
structive jaundice was not generally present. Serum iron 
and serum iron-binding capacity levels were both sig- 
nificantly reduced in the presence of normal or excessive 
deposits of hemosiderin in the liver and bone marrow. 
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Abstinence from alcohol was consistently followed by a 
rise in reticulocyte levels, occurring independently of diet 
and bed rest, sugyesting that ingested alcohol suppresses 
the marrow response to the anemic state. 


Susceptibility of Cells to Viral Infection. Kart M. Joun- 
son and Hersert R. Morcan,* Rochester, N. Y. 
Viruses exhibit tissue tropisms and vary widely in their 

ability to grow in different tissues in vitro as well as 

in vivo, but factors responsible for this specificity remain 
largely undefined. 

A model system, using psittacosis virus and chick em- 
bryo tissue, was devised to study this problem in vitro. 
Cultures of tissue lose their capacity to support virus 
multiplication when maintained in a nutritionally deficient 
culture medium of glucose and mineral salts. Virus pro- 
duction can be initiated subsequently in these cells by the 
addition of a chemically defined culture medium (No. 199 
of Parker) containing numerous amino acids, vitamins, 
and accessory growth substances. 

Furthermore, it has been shown that virus can enter 
these cells made deficient prior to its introduction in spité 
of the fact that multiplication fails to occur subsequently. 
Stimulation of virus growth occurs in the absence of cel- 
lular proliferation which can be prevented by the addition 
of colchicine. 

Studies using various components of the chemically 
defined medium indicate that (1) fat-soluble vitamins, 
(2) certain purines and pyrimidines, and (3) ATP are 
not essential for reversal of the deficient state of the 
cells while (1) amino acids, (2) B vitamins, and (3) 
biological reducing agents are required for initiation of 
viral multiplication. 

These studies of the nutritional requirements of psitta- 
cosis virus in deficient cells provide information concern- 
ing the factors which determine whether a tissue will 
support growth of a given virus, i.e., tissue tropism. 


Studies on the Pulmonary Circulation: Effects of Anoxia, 
Exercise, and Hexamethonium in Patients with and 


without Thoracic Sympathetic Denervation. WALTER 

E. Jupson, Witt1am Ho.vanper and Jurra G. Arrow- 

woop, Boston, Mass. (Introduced by Robert W. Wil- 

kins). 

Of six patients who had had a transthoracic sympathec- 
tomy (D-1 to at least D-5) for arterial hypertension and 
tachycardia or for Raynaud’s Disease, only three were ef- 
fectively denervated as indicated by the presence of 
Horner’s syndrome, by the absence of the peripheral ar- 
terial blood pressure “overshoot” to the Valsalva maneu- 
ver, and by a relatively fixed pulse rate during exercise. 
These three patients during the inhalation of 10 per cent 
oxygen for at least 15 minutes had no change in pul- 
monary arterial pressures, in cardiac output (Fick), or 
in pulmonary “capillary” pressure whereas the three other 
patients with incomplete denervations had rises in pul- 
monary arterial pressure without changes in cardiac out- 
put. In all cases the cardiovascular responses to exer- 
cise were normal. After intravenous hexamethonium the 
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pulmonary arterial pressures usually fell without con- 
sistent changes in the calculated pulmonary arteriolar 
resistances. 

A thoracic epidural or “differential” spinal block (pro- 
caine) was performed on six patients, two of whom were 
in congestive heart failure. On the basis of Horner’s 
syndrome, pulse rate response to exercise, blood pressure 
response to the Valsalva maneuver, and sensory changes, 
only three patients had effective sympathetic denervation 
from at least D-1 to D-5. In these three patients, prior to 
the spinal block procedure there was a rise in pulmonary 
arterial pressure during the inhalation of 10 per cent 
oxygen (primarily as a result of an increase in the cal- 
culated pulmonary arteriolar resistance), whereas fol- 
lowing the block there was no change in pulmonary 
arterial pressure, in cardiac output, or in pulmonary 
“capillary” pressure during anoxia. 

Ten patients with compensated arterial hypertension, 
eight with mitral stenosis, and four with cor pulmonale 
were exercised and given inhalations of 10 per cent oxygen 
both before and after intravenous hexamethonium. After 
hexamethonium there was a fall in systemic arterial pres- 
sure, usually associated with a fall in pulmonary arterial 
pressure and pulmonary arteriolar resistance (without a 
change in cardiac output). However, when the cardiac 
output decreased after hexamethonium, the pulmonary 
arteriolar resistance increased, and it also increased when 
the lowered peripheral arterial pressure was restored to 
normal by intravenous norepinephrine. After hexame- 


thonium an increase in pulmonary arterial pressure and 


arteriolar resistance still occurred during anoxia. Fol- 
lowing hexamethonium patients developed less rise in 
pulmonary arterial pressure during exercise than they 
had before hexamethonium. Likewise they had a fall in 
calculated pulmonary arteriolar resistance during exercise 
instead of a rise as before hexamethonium. 

It is concluded: 

(1) Anoxia induces a rise in pulmonary arterial pres- 
sure through the activity of the thoracic sympathetic 
nervous system. 

(2) Hexamethonium in the dosage used caused changes 
in pulmonary circulation apparently secondarily to the 
changes it produced in the systemic circulation and not 
through direct thoracic sympathetic paralysis. 


Alterations in the Nature of the Adrenal Secretion In- 
duced by the Prolonged Administration of ACTH to 
Rabbits. Epwarp H. Kass,* Oscar Hecnuter, I. 
AvtpeN Maccui and THomas W. Mov, Boston, Mass. 


Differences between the effects of adrenocorticotropin 
and individual steroids of adrenal origin are becoming 
increasingly apparent. The adrenal glands of rabbits 
were reported to secrete predominantly corticosterone, 
yet this steroid did not significantly affect the structure 
and ribonucleic acid concentrations of rabbit lymph nodes, 
and depressed antibody production but slightly. ACTH, 
as well as hydrocortisone and cortisone, exerted marked 
effects on the lymph nodes and on antibody production. 
The paradoxical response to ACTH led to investigation of 
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its effect on the adrenal steroid content of adrenal vein 
blood. 

Corticosterone was found to be virtually the sole steroid 
component of adrenal vein blood of untreated control rab- 
bits. There was no detectable hydrocortisone or corti- 
sone. A single dose of ACTH did not significantly change 
the findings. However, when ACTH was given for one 
week, hydrocortisone was detected in a ratio to cortico- 
sterone of 1:2. When ACTH was given for 21-28 days, 
hydrocortisone became the predominant steroid, in a 4:1 
ratio over corticosterone, and several unidentified trace 
components, not previously present, were demonstrable. 
The effects of chronic trauma are under investigation. 

Thus, the qualitative nature of the adrenal secretion is 
not necessarily fixed genetically. There are probably two 
different actions of ACTH; the first is rapid and direct, 
and increases the steroid output of the adrenal gland with- 
out altering the nature of the secretion. The second ef- 
fect is delayed, and may involve changes in the chemical 
nature of the secretory product, with different physiologi- 
cal and pathological effects. 


Cardiac Output and Central Volume in Heart Disease as 
Determined by the Dye Dilution Technique. ALBERT 
Kattus, ArtHUR RivEN, AARON CoHEN and GILBERT 
Sorto, Los Angeles, Calif. (Introduced by Samuel H. 
Basset). 


The Hamilton dye dilution technique for the determina- 
tion of cardiac output has been used to study the circu- 
lation in a variety of clinical states and in a group of 
normal subjects. From the slope of the down-stroke of 
the semi-logarithmically plotted concentration curves the 
central volume was calculated by the method of Newman. 
This central volume is believed to be closely related to 
the pulmonary blood volume. 

Subjects were studied at rest in the post absorptive 
state. Cardiac output is expressed as the Cardiac Index 
(liters per square meter of body surface area) and central 
volume as Central Volume Index (cubic centimeter per 
square meter of body surface area). Average values for 
Cardiac Index (CI) and Central Volume Index (CVI) 
were determined in various categories. 

In 7 normal subjects average CI was 3.5 liters per 
minute and CVI was 659 cc. In 23 pre-operative mitral 
stenosis patients CI was 2.4 and CVI was 481 cc. After 
commissurotomy, CI was 2.5 but CVI had increased to 
543 cc. In 10 pre-operative aortic stenosis patients CI 
was 2.8 and CVI was 557. After valvulotomy CI in- 
creased to 3.5 but CVI did not change. 

Patients with right ventricular failure (elevated venous 
pressure and edema) due to coronary arteriosclerosis and 
high output cor pulmonale had large CVI (723 to 1310 cc.). 
Those due to hypertension, aortic insufficiency, thyrotoxi- 
cosis and low output cor pulmonale had CVE less than the 
normal (392-582 cc.). 

The studies indicate that congestive heart failure may be 
associated with a pulmonary blood volume less than 
normal. 
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The Correlation of Human Gastric Poteniials with Gastric 
Secretion as Measured by the Electrogastrogram. 
Irwin KatzKa, FREDERICK JACKSON, Jr. and Henry 
M. Lemon, Boston, Mass. (introduced by Franz J. 
Ingelfinger ). 

The electrogastrogram has been studied by others to 
diagnose gastric disease but the physiologic significance 
of the intragastric potential so measured is not estab- 
lished. Investigations restricted to experimental animals 
have suggested that these potentials are produced by (1) 
the degree of acidity of gastric juice and (2) the elec- 
trical energy involved in the production of hydrochloric 
acid. We have carried out studies in man and have shown 
that these potentials are related to the process of secre- 
tion rather than change in concentration or acidity of 
gastric juice. 

Using intragastric saline electrodes, calomel half cells 
and a new commercially available potentiometer, we re- 
corded the potentials in the fasting stomach and following 
the administration of histamine or insulin in 45 normal 
subjects. With histamine, the potential increased rapidly 
from the fasting level and reached its peak before the 
maximum increase in gastric acidity occurred. With in- 
sulin, the rise in potential began 25-30 minutes later, 
correlating with hypoglycemia and again preceded maxi- 
mum acidity. Gastric potentials were not increased by 


the introduction of acids, alkalies or gastric juice into the 
stomach. Furthermore, histamine produced no potential 
change from the stomachs of patients with pernicious 
anemia or from the esophagus or duodenum or skin of 


normals. In 3 out of 5 cases, intravenous Banthine de- 
creased the potential independent of the changes in gastric 
pH. 

The findings to date suggest that electrical potential is 
related to gastric function but it is independent of the 
character of gastric juice. The changes in electrical ac- 
tivity induced by the aforementioned drugs may be related 
to changes in the physicochemical activity of the gastric 
mucosa in the process of secretion and/or changes in the 
vascularity of the organ. 


The Excretion of Acid Mucopolysaccharides in Normal 
Human Urine. Grace P. Kersy,* Durham, N. C. 


The amount of glucuronic acid excreted in the form of 
acid mucopolysaccharides in the urine of normal humans 
has been investigated as an approach to studying the 
metabolism of these substances. The fraction has been 
obtained from urine by the method described by Astrup. 

The mean 24-hour excretion of acid mucopolysac- 
charides was 3.0 mg + 0.6 (S.D.) and 4.9 mg + 1.3 (S.D.) 
in white females and males, respectively. The difference 
between the two values was significant (p=< 0.01). 
Prostatic massage in one patient did not increase the 
amount of the material in urine. The material was pres- 
ent in full amount in urine obtained from the renal pelvis 
of one patient and thus was not derived to significant de- 
gree in this patient from structures lower in the urinary 
tract. 
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The urinary excretion of acid mucopolysaccharides by 
humans was markedly increased by the ingestion of glu- 
curcaolactone (5 gm daily for several days). 

Chromatozraphic studies of a furtner-purified fraction 
of acid mucopolysaccharides from normal human urine 
were done by a method developed during the present in- 
vestigation. The major component of the fraction had 
the same Re value as chondroitin sulfate and produced a 
single spot when mixed with chondroitin sulfate, using 
a single solvent system. 

The present information was sought to provide a back- 
ground for the further study of certain metabolic dis- 
orders and hypersensitive states. Such studies are now 
in progress. 


Alcohol, an Effective Inhibitor of the Release of Anti- 
diuretic Hormone (ADH). Cuarvtes R. KLEEMAN, 
Mitton E. Rustni and Ezra Lampin, New Haven, 
Conn. (Introduced by John P. Peters). 


To evaluate the potential therapeutic effect of alcohol 
in conditions characterized by water retention, its ac- 
tion on the release of ADH in response to changes in 
volume, effective osmolarity and other variables has been 
studied. In contrast to numerous factors that enhance 
the activity of ADH, only alcohol and water are known 
to inhibit it. 

Semirecumbent normal men, under various conditions 
imbibed 120 cc. of bourbon whiskey. Electrolytes and 
freezing point depressions of serum and urine were meas- 
ured. Urine flow (cc./min.) was divided into two frac- 
Urine osmolarity . 

——- X U 
Plasma osmolarity 
flow; and Free water clearance = Urine flow — Osmolar 
clearance. Controls without alcohol were made in each 
series. 

After alcohol free water clearance and urine flow rose, 
while excretion of sodium, potassium and chloride fell 
and a mild metabolic acidosis developed. 

When a maximum urine flow was produced by sustained 
loads of water, alcohol had no effect on urine flow or 
free water clearance. It had a similar negative effect on 
a patient with diabetes insipidus. 

The antidiuretic effect of hypertonic salt solution dur- 
ing maximal water diuresis was prevented by alcohol, 
which instead caused urine flow and free water clearance 
to rise further. Solute without water was, therefore, re- 
absorbed in a region of the tubules in which ADH pre- 
sumably acts. 

Prior alcohol imbibition minimized the antidiuretic ef- 
fect of venous congestion of the lower extremities although 
excretion of solutes decreased. 

The effect of alcohol was modified if it was given sub- 
sequent to the stimulation of ADH by hypertonic salt 
or venous congestion. 

Alcohol did not improve the impaired excretion of water 
in Addison’s disease. 

Conclusions: Alcohol acts upon the supraoptico-hypo- 
physeal system to block all stimuli provoking the release 
of ADH. This inhibitory action is being investigated in 
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clinical states in which excessive activity of ADH has 
been hypothesized. 


Influence of Antibiotic Treatment on the Rate of Ac- 
quisition by Patients of Multiple Drug-Resistant Phage 
Group III Staphylococci Indigenous to a Hospital. 
Vernon Knicut, New York, N. Y. (Introduced by 
Walsh McDermott). 


At Bellevue Hospital, it was possible to determine the 
relative rates of acquisition of “hospital strains” of 
staphylococci by newly hospitalized patients receiving 
various therapeutic regimens. The determination was 
possible because a large majority of “hospital staphylococci” 
were of group III phage patterns resistant to penicillin, 
the tetracyclines, and streptomycin, in contrast to a 
negligible percentage of such strains in admission cultures. 
In the study, acquisition rates were estimated for 65 pa- 
tient carriers treated with penicillin, the tetracyclines, or 
no antibiotics. 

Practically all tetracycline resistant strains were “hos- 
pital staphylococci,” and they constituted about one-tenth 
of strains obtained at hospital admission. One-half of ad- 
mission strains were penicillin resistant, the excess over 
one-tenth being strains not classifiable as “hospital 
staphylococci.” 

The rate of acquisition of “hospital staphylococci” was 
greatest among patients treated with tetracyclines, rising 
to 86 per cent in the 4-5-day period. It was second 


greatest among strains exposed to penicillin, not rising 


appreciably from admission values until the second week. 
The linkage between tetracycline and penicillin resistance 
among “hospital staphylococci” led to the paradoxical 
phenomenon that the rate of increase in penicillin resistance 
was greatest among strains from patients treated with 
tetracyclines. The rate of increase of “hospital staphylo- 
cocci” was least among untreated patients. 

Thus, there was demonstrated a close correspondence 
between the rate of acquisition of drug resistant “hospital 
strains” by staphylococcal carriers, and the degree of 
susceptibility of the strains they carried on admission to 
the agents used in treatment. It is postulated that the ex- 
tent of elimination of susceptible strains by treatment de- 
termines the degree to which replacement with “hospital 
strains” may occur, and this hypothesis is supported by the 
observation that there is a low rate of acquisition of such 
strains by patients who are untreated. 


Studies on Antibodies Eluted from the Erythrocytes in 
Autoimmune Hemolytic Anemia. Zacnarias D. 
Komninos and Muzarrer Aksoy, Boston, Mass. (In- 
troduced by William Dameshek). 


Antibodies eluted from the red cells in autoimmune he- 
molytic anemia were studied with respect to their thermal 
range of activity, ability to produce a specific type of 
Coombs’ serum and reactivity with isolated fractions of 
red cell stroma. Twenty-nine eluates were studied from 
11 patients with “idiopathic” and 4 with “symptomatic” 
hemolytic anemia. Dissociation of antibody from the red 
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cells was achieved by exposure to low pH, high salt 
concentratio. or high temperature. 

Results: The titer of the eluates, even when cold he- 
magglutinins were present in the serum, was distinctly 
lower at 3° than at 37°. Agglutination was also weaker 
in the cold and took longer to develop. Absorption ex- 
periments indicated that erythrocytes could remove more 
antibody at 37° than at 3°. By injection of eluates into 
rabbits, Coombs’ sera were produced ranging in titer from 
1/4000 to 1/10,000. Coombs’ sera of approximately the 
same titer were also obtained by injection of coated red 
cells from patients with autoimmune hemolytic anemia. 
These various sera were non-specific as they could ag- 
glutinate erythrocytes sensitized with iso(Rh) -antibodies 
equaily well. Normal human red cell stroma was ex- 
tracted with NaHCO, (fraction I) and with acetone 
(fraction II). Only fraction I could neutralize the anti- 
body in all eluates tested. Boiling of this fraction de- 
stroyed its antibody neutralizing ability. 

Conclusions: The antibody attached to the erythro- 
cytes in autoimmune hemolytic anemia was of the warm 
variety in all cases tested. Coombs’ sera obtained by in- 
jection of eluates or coated red cells into rabbits were 
not specific for auto-antibodies. The red cell antigen with 
which the eluted antibodies reacted was extractable with 
NaHCO, and heat labile, indicating its probable protein 
nature. The eluted antibodies of autoimmune hemolytic 
anemia have many of the characteristics of “immune” 
antibodies. 


Influence of Certain Diseases on the Absorption of Vita- 
min B,, from the Gastrointestinal Tract. Jutrus R. 
Krevans, C. Lockarp ConLtEy* and Marie Sacus, 
Baltimore, Md. 


Vitamin B,, labelled with Co” was administered orally 
to normal individuals and patients with various diseases. 
Stools collected for 6 days were dried, pulverized, and 
the gamma radiation measured under the same conditions 
used for the measurement of the radioactivity of the B,, 
administered. 

In 16 studies on normal individuals administration of 
0.1-0.5 micrograms of labelled B,, was followed by re- 
covery of 10-47 per cent of the radioactivity in the stool. 
Within this range there was no relationship between the 
amount of B,, administered and the per cent recovered. 
With a dose of 1.0 microgram as much as 60 per cent of 
the radioactivity was recovered, and with 5.5 micrograms, 
more than 70 per cent. 

In 23 studies on patients with diseases unrelated to 
pernicious anemia, administration of 0.1-0.5 micrograms 
of labelled B,, was followed by recovery of 10-45 per 
cent. This group included individuals with achlorhydria, 
liver disease, and anemia unrelated to B,, deficiency. One 
21 year old male with hepatitis and normal gastric acidity 
in two studies excreted 67 and 68 per cent. 

Eight patients with pernicious anemia excreted more 
than 60 per cent of the administered radioactivity of an ad- 
ministered dose of 0.5 micrograms. One patient who 
appeared to have typical pernicious anemia excreted less 
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than 35 per cent in two tests. Further study by the tech- 
nique of Schilling indicated apparently normal B,, ab- 
sorption in this patient. 

One of 2 patients with total gastrectomy and 2 of 3 
with sprue were found to have impaired absorption. 

One patient with megaloblastic anemia, sub-acute com- 
bined degeneration, normal gastric acidity, and multiple 
diverticula of the jejunum demonstrated markedly im- 
paired absorption which became normal during the ad- 
ministration of aureomycin. Terramycin failed to pro- 
duce normal absorption in a patient with pernicious anemia. 


The Metabolism of Intravenously Infused C* Labelled 
Cholesterol in Man. Gerorce S. Kurtanp, Jupirx L. 
Lucas and A. Stone FREEDBERG,* Boston, Mass. 


Preliminary observations of the metabolism of C* la- 
belled cholesterol following intravenous infusion have 
been made in 3 euthyroid patients with angina pectoris. C™* 
cholesterol, labelled in the 4 position in Ring A, was dis- 
solved in saline with Tween 20. Aliquots of plasma, red 
blood cells and stools were analyzed at frequent inter- 
vals for 13 to 110 days. The specific activity (S.A.) of 
cholesterol in various tissues was determined in one pa- 
tient who expired 15 days after the infusion. 

Following a period of rapid decrease in radioactivity, 
the disappearance of labelled plasma cholesterol was not a 
simple exponential function but consisted of multiple com- 
ponents. The S. A. of RBC cholesterol rose rapidly and 
reached equilibrium with plasma free cholesterol 7-14 
hours after infusion. The S. A. of the plasma total cho- 
lesterol, reflecting the radioactivity of the plasma choles- 
terol esters, reached equilibrium with plasma free cho- 
lesterol 4-7 days after infusion. In the period immediately 
thereafter, the T14 of the RBC cholesterol, plasma free 
cholesterol, and total plasma cholesterol was 10.8 to 13 
days. Subsequent disappearance rates were progressively 
slower; in one patient, for example, the S. A. of free cho- 
lesterol on day 110 was 84% that on the 80th day after 
infusion. A “readily exchangeable cholesterol pool,” de- 
termined by isotope dilution on day 7 and corrected for 
stool excretion, was 26 to 55 grams in the 3 patients. 
Daily fecal C* radioactivity excretion was approximately 
3% of the administered C* during the first 9 days after 
infusion; thereafter, a marked decrease in fecal radio- 
activity occurred. Fecal radioactivity was found in the 
sterol, fatty acid, and bile acid fractions. 

At post mortem examination, in Case 2, the S. A. of 
liver cholesterol was the same as that of the plasma. 
Progressively lower specific activities were found in 
muscle, skin, fat, and atherosclerotic vessel, respectively. 

The data are consistent with the hypothesis that the 
labelled carbon of the cholesterol molecule has been re- 
utilized in the formation of new cholesterol. 


The Diurnal Variation in Adrenocortical Secretion. JoHN 
C. Lamiaw, Darton Jenkins, Witi1am J. Reppy and 


THeEoporR JaKosson, Boston, Mass. 

George W. Thorn). 

The diurnal variation in urinary 17-hydroxycorticoid 
excretion has been studied on one or more days in 75 nor- 


(Introduced by 
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mal subjects. The pattern is almost uniformly charac- 
terized by a higher level of excretion between 7 a.m. and 
7 p.m. than during the overnight period. The fall in 17- 
hydroxycorticoid excretion in the early evening does not 
usually persist until the following morning but is fre- 
quently succeeded by a rise in urinary levels around 3 
am. Further confirmation of the predominance of the 
daytime excretion of 17-hydroxycorticoids was obtained 
from daily studies carried out over a 30-day period in 
three normal subjects ; on only four occasions did the over- 
night excretion of 17-hydroxycorticoids exceed that of 
the day. 

That the diurnal variation in 17-hydroxycorticoid ex- 
cretion reflects predominantly an alteration in adrenal 
cortical secretion is suggested by experiments conducted 
on patients with Addison’s disease given a maintenance 
dose of hydrocortisone (1-2 mg. per hour) by continuous 
intravenous infusion over a 24-hour period. In these 
patients, there was no predominance of day time excre- 
tion over that observed during the night. 

Investigations of the mechanisms responsible for the 
diurnal variation in adrenal cortical secretion have indi- 
cated that the characteristic cycle persists despite enforced 
inactivity in bed, a reversal of the normal working sched- 
ule (night workers), a 24-hour period of starvation, a 
24-hour period in which feedings were given every four 
hours and a reversal of the normal daytime predominance 
in urine output. The administration of ACTH during the 
night, however, leads to a reversal of the diurnal cycle. 
Further studies are being carried out in infants to deter- 
mine the age at which the characteristic rhythm of adrenal 
cortical secretion becomes manifest. 

These studies suggest that there is a basic diurnal regu- 
lation of adrenal cortical secretion, which is relatively 
resistant to changes in extrarenal environment. 


The Metabolic Effects of Progesterone in Man. RicHarp 
L. Lanpau,* Derpert M. BERGENSTAL, KATHLEEN 
LucipinLt and Mary E. Kascut, Chicago, III. 


It has been conclusively demonstrated that despite its 
restricted anabolic influence on the uterus and breast, 
progesterone, in approximately physiological amounts, 
promotes a general catabolic process. In three women and 
a man with apparently normal adrenal function 50 mg. per 
day of progesterone (intramuscular) induced a daily 
nitrogen loss which averaged 1-2 gm. and persisted as 
long as the hormone was given (maximum 30 days). 
Uric acid excretion rose slightly, but no other indi- 
cators suggested an adrenal corticoid influence. Free 
urinary alpha amino acids and 17-keto-steroids were not 
increased, and circulating eosinophils rose. A moderate 
elevation in urinary sodium and a slight chloruresis were 
observed during the first four to six days of progesterone 
administration, and both elements were retained during 
the initial post-treatment phase. 

In three patients with Addison’s disease treated with 
cortisone and desoxycorticosterone the metabolic effects 
were much more intense, and the catabolic process con- 
tinued for ten days after discontinuing the progesterone. 
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The nitrogen loss averaged 2-4 gm. daily. .?arallel 
losses of inorganic phosphorus and potassium were distinct 
and an enhanced creatinuria was observed in one patient. 
The increased urinary sodium and chloride excretion were 
also greater and more enduring, sodium losses again 
exceeding those of chloride. In a fourth Addisonian man- 
aged with salt alone progesterone did not affect sodium 
and chloride excretion indicating that the natriuresis and 
chloruresis were attributable to interference with the 
renal effects of salt retaining adrenal steroids. 

The greater protein loss induced in patients with de- 
ficient adrenals suggests that this catabolic property of 
progesterone may be opposed by the adrenals, possibly 
by an anabolic secretion. The catabolic effects of proges- 
terone and the interaction between it and adrenal steroids 
is important in the study of pregnancy, the menstrual 
cycle and the growth process itself. 


Infrared Spectroscopy of Human Hemoglobins. DANIEL 
L. Larson and JosepH McLauGHLiin, Washington, 
D.C. (Introduced by George A. Perera). 


Infrared spectra of normal adult hemoglobin, fetal 
hemoglobin, sickle hemoglobin and hemoglobin C have 
been studied using a double beam recording infrared spec- 
trophotometer. All samples were converted to carboxy- 
hemoglobin before examination. Air dried hemoglobin 
films, cast from aqueous solution, showed almost complete 
loss of electrophoretic mobility. In order to avoid ex- 
cessive infrared absorption due to the presence of water, 
hemoglobin samples were dried in vacuum from the frozen 
state and then dissolved in deuterium oxide or sodium 
deuteroxide. Hemoglobin solutions prepared in this man- 
ner showed essentially normal solubility and electro- 
phoretic mobility. 

Deuterated hemoglobin specimens were placed between 
silver chloride plates using platinum foil as a spacer and 
examined over a pH range up to 11.5. The various 
species of hemoglobin demonstrated differences in the 
rate of disappearance of the peak at 1545 cm™ (6.47 
microns) and the enlarging of the peak at 1440 cm” 
(6.93 microns). These rate changes appeared to be 
dependent upon the pH at which the examination was 
carried out. The significance of these variations in the 
infrared spectrum of the human hemoglobins will be dis- 
cussed. 


Urinary Excretion of Sodium and Potassium During the 
Pyrogenic Reaction. Wittoucnsy LatHemM, New 
Haven, Conn. (Introduced by Paul B. Beeson). 


Since serum and extracellular fluid electrolyte concen- 
trations are usually maintained during fever, corrective 


renal adjustments apparently occur. Whether this com- 
pensation appears acutely when intrarenal vascular ad- 
justments and hormonal mechanisms may be operative or 
only during prolonged pyrexia when extrarenal loss and 
internal shifts of water and electrolytes have occurred has 
not been determined. 

The acute (three hours) effects of intravenous triple 
typhoid vaccine on urinary sodium and potassium ex- 


CLINICAL INVESTIGATION 


951 


cretion, glomerular filtration rate (GFR-inulin clear- 
ance) and renal plasma flow (RPF-PAH clearance) 
were determined in normal subjects. After a latent 
period RPF and GFR usually decreased slightly and 
sodium, potassium and urine output fell sharply. Since 
electrolyte and water excretion diminished independently 
of changes in GFR, augmented tubular reabsorption oc- 
curred. After 30-45 minutes GFR returned to control 
levels, urine output rose, and RPF increased markedly. 
Sodium excretion rose abruptly and exceeded control 
values significantly in most subjects (on the average by 
60%). Potassium output continued to fall or returned 
toward control levels. Plasma sodium and potassium and 
venous hematocrit changed insignificantly. 

Since similar results occurred in febrile and afebrile 
(aminopyrine premedication) subjects these acute changes 
are not attributable to fever or to extrarenal loss of elec- 
trolytes. The transient fall of both sodium and potassium 
excretion resembles the acute response to epinephrine/ 
norepinephrine and suggests that sympathetic discharge 
may have been responsible. However, hormonal mech- 
anisms do not appear to account for augmented sodium 
output during hyperemia. The mechanism of this altered 
tubular activity is obscure, but such factors as undetected 
internal water and electrolyte shifts or possibly intra- 
renal hyperemia alone may have contributed. Since 
urinary sodium loss usually does not occur during pro- 
longed pyrexia later adjustments apparently abolish this 
natriuresis. 


The Transfer of Generalized Cutaneous Hypersensitivity 
of the Delayed Tuberculin Type in Man by Means of 
the Constituents of Disrupted Leucocytes. H. Suer- 
woop LAwrRENcE,* New York, N. Y. 


It is possible to induce, regularly, immunologically 
specific generalized cutaneous hypersensitivity of the de- 
layed tuberculin type in animals and man by means of an 
injection of leucocytes obtained from sensitive donors. 

In the studies outlined below, it has been found in the 
human, in contrast to animals, that leucocytes can be 
disrupted either by distilled water lysis or by repeated 
freezing and thawing and the resultant suspension of 
nucleoprotein sediment in cytoplasmic solution retains the 
capacity to transfer generalized delayed cutaneous hyper- 
sensitivity. 

In 6 consecutive instances the constituents of distilled 
water lysed leucocytes and in 4 consecutive instances the 
constituents of repeatedly frozen and thawed leucocytes, 
obtained from the blood of donors sensitive to strepto- 
coccal M substance, when injected into M-negative re- 
cipients resulted in the development of generalized delayed 
cutaneous M substance hypersensitivity in each. 

To substantiate this observation and to attempt identi- 
fication of the particular cell component(s) involved in 
the mechanism of sensitization, the studies were repeated 
using tuberculin as the test material. 

For 16 tuberculin negative recipients, suspensions of 
the constituents of repeatedly frozen and thawed leucocytes 
were prepared, on different occasions, from two tuber- 
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culin sensitive donors. Each of 8 alternate recipients 
received an injection of such untreated suspensions ; of the 
remainder, 4 recipients received desoxyribonuclease treated 
suspensions and 4 recipients received ribonuclease treated 
suspensions. In 16 consecutive instances generalized de- 
layed cutaneous tuberculin hypersensitivity developed in 
each negative recipient and the pattern of response ap- 
peared similar in the test and control groups. 

The data demonstrate that in the human the transfer 
of generalized delayed cutaneous hypersensitivity can be 
accomplished regularly with a suspension of the con- 
stituents of disrupted leucocytes and suggest that the 
mechanism responsible for this effect does not appear 
to depend upon the polymerized desoxyribonucleic or 
ribonucleic acid components of the donor cell. 


The Mechanism of the Osmotic Adjustment of the Body 
Cells. ALexaNpER Lear,* Jacgues Y. CHATILLON, 
O.tverR Wronc and Expert P. Turttte, Jr., Boston, 
Mass. 


There has been renewed interest in the adjustment of 
the body cells to changes in extracellular fluid concen- 
tration. A solution to this problem was obtained in vivo 
by determining the volume of distribution of a large in- 
travenous water load from the dilution of the serum 
sodium and total solutes. 

In fifteen initial experiments, a water load was ad- 
ministered rapidly to dogs whose excretion of water was 
minimized by Pitressin. The average volume of distri- 
bution of the water load was 65.6 + 3.2% and 63.6 + 2.3% 
of body weight as calculated from changes in serum so- 
dium and total solute concentrations, respectively. This 
measures net movement of water through the body. 

To compare the volume of distribution of a tracer 
molecule of water which requires no net movement of wa- 
ter, simultaneous measurements of total body water con- 
tent by D,O were made in 10 additional experiments in 
dogs, either nephrectomized or with ureters ligated. The 
average total body water was 63.0 + 1.1% of body weight. 
The average volume of distribution of the water load was 
61.2 + 1.5% and 67.6 + 18% of body weight as calculated 
from changes in serum sodium and total solute concen- 
trations, respectively. 

The close agreement between total body water and the 
volume of distribution of a large water load indicates that 
in vivo the osmotic adjustment of the overwhelming ma- 
jority of body cells is accomplished by passive entry of 
water into the cells. Further conclusions from the data 
are: 1) The water load distributes itself so that the ratio 
of intracellular to extracellular water is unchanged. 2) 
Active transport of water to prevent changes in intracellu- 
lar osmotic activity does not occur. 3) Osmotic equi- 
librium during dilution is not attained by osmotic inac- 
tivation of intracellular solutes or by their extrusion from 
the cells. 4) Significant release of sodium from bone or 
from within the cells in response to acute dilution does 
not occur. 
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A Blood-born Vasoconstrictor Factor in Hypertensive and 
in Normotensive Subjects. RicHarp E. Lez, New 
York, N. Y. (Introduced by H. D. Lauson). 

With the use of a new method of bio-assay, extremely 
low levels of vasoconstrictor activity can be detected in 
the body fluids of man and animals. The vasoconstrictor 
factor (VCF) present in such liquids as tissue washes, 
plasma, urine, and sera can be expressed in standardized 
physiological equivalents of epinephrine as gamma/cc. 

The plasma level of VCF in hypertension and in nor- 
motensive patients and subjects is equal to 0.0001-0.001 
gamma/cc. epinephrine. It is relatively constant in each 
individual providing that the blood pressure is stable. 
Transient hypertension and severe hypotension are as- 
sociated with highly significant increases in plasma VCF. 
In certain normotensive subjects, emotional trauma is 
accompanied by comparable changes in plasma VCF with- 
out blood pressure change, of note. Preliminary evi- 
dence is given associating high plasma levels of VCF 
with the “false positive” Regitine test. 

The possible significance of this new factor is dis- 
cussed in relation to human peripheral vascular physiology. 


The Use of Tritium- and Radiocarbon-Labeled Precursors 
to Study the Metabolism of Steroid Hormones in Man. 
Georce V. LeRoy, DeLpert BERGENSTAL, R. Gorpon 
Gou.tp, Haro_p WERBIN and GeorcE T. Ox1TA, Chicago, 
Ill. (Introduced by Clayton Loosli). 

The role of acetate and diet cholesterol as precursors 
of adrenal corticosteroids was investigated by means of 
a double-isotope labeling technic, using three patients 
who underwent bilateral adrenalectomy and oophorectomy. 
For several days before surgery ACTH was injected; and 
tritiated cholesterol was fed daily in sufficient amounts 
to provide a nearly constant value for the specific activity 
of the plasma-free-tritium-cholesterol. 

During the preoperative period, pooled urine samples 
were collected and the 17-ketosteroid fractions isolated 
were found to contain T-labeled ketosteroids. Approxi- 
mately 114-2 hours before the adrenals were removed an 
intravenous dose of 1-C**-acetate was given to “flash 
label” the cholesterol currently being synthesized by the 
patient. The urine collected during the first few days 
postoperatively contained, in addition to the T-labeled 
steroids, C**-labeled-17-ketosteroid fractions presumably 
formed during the two hours before removal of the 
adrenals and ovaries. In addition to the urine studies, 
determinations were made of the specific activities of 
tritium—and carbon 14—labeled adrenal cholesterol, and 
of the cholesterol in blood and other tissues obtained at 
surgery. The relationship between the specific activities 
of plasma-free-T-cholesterol, adrenal-free-T-cholesterol, 
and T-17-ketosteroid indicated that diet cholesterol was 
a precursor of urinary ketosteroid. The specific activity 
of adrenal-free-C*-cholesterol, in every case, was several 
times greater than the specific activity of plasma-free-C“*- 
cholesterol, demonstrating that the ACTH-stimulated 
gland synthesized cholesterol rapidly from the 1-C**-acetate. 
Because of the fact that adrenal-free-C**-cholesterol 
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reached such high values so rapidly it is not possible to 
say whether the acetate went directly into steroid hor- 
mones, or whether the C**-ketosteroids were formed from 
the newly synthesized C*-cholesterol. The specific ac- 
tivity of the urinary C**-17-ketosteroid was invariably less 
than that of the adrenal-free-C*-cholesterol. To accom- 
plish these studies, methods were developed using a liquid 
scintillator for the determination of tritium and C™* in 
the same sample of plasma or tissue cholesterol, and in 
pure fractions of urinary steroid. 


The Venous Pressure-V olume Curve of the Human Leg 
Measured in Vivo. Juttus Litrer and James E. Woon, 
Boston, Mass. (Introduced by James M. Faulkner). 


The purpose of this study was to develop a method for 
measuring venous pressure-volume curves of the leg which 
would be physiologically valid. Such curves should repre- 
sent the effects of known venous pressures on venous 
volume. 

A constant reference point or baseline value of venous 
volume at an effective venous pressure slightly greater 
than zero in all the veins was obtained when the horizontal 
leg was placed in a water-filled plethysmograph and the 
water pressure on the leg was greater than the natural 
local venous pressure. The actual venous pressure in the 
leg was adjusted to equal an arbitrary pressure in a 
venous congesting cuff on the thigh by “titrating” the 
water pressure on the leg and recording volume changes. 
Then the congesting cuff pressure was increased 30 mm. 
Hg by increments of 5 mm. Hg and the corresponding 
increases in leg volume were recorded. Experimental 
evidence will be presented indicating that these pressure- 
volume curves were produced by increasing the effective 
pressure in all the leg veins from slightly greater than 
zero to 30 mm. Hg by increments of 5 mm. Hg. 

The average total increase in venous volume was 4.75 
cc. per 100 cc. of leg in healthy young men. Other studies 
have shown that the total vascular volume varies be- 
tween 1.5 cc. and 1.0 cc. per hundred cc. of leg over 
a wide range of external pressures, the venous volume re- 
maining constant at an effective venous pressure slightly 
greater than zero. Accordingly, the volume and distri- 
bution of blood in the human leg are mainly functions of 
the effective venous pressure. 

The curves are not affected by hemodynamic changes 
and are determined by only one variable, the resistance of 
the veins to stretch. Therefore they are useful for the 
study of venous tone. This will be illustrated by the 
effects of epinephrine and norepinephrine. 


The Response of Bone, Connective Tissue and Muscle to 
Sudden Changes in Extracellular Fluid Composition 
and Volume. M. F. Levitt, L. B. Turner, A. Y. 
Sweet and D. Grisetz, New York, N. Y. (Introduced 
by Milton Mendlowitz). 

Electrolyte and water analyses of cortical (marrow- 
free) bone, tendon, and muscle were performed in normal 
rats and in rats rendered acidotic, alkalotic, and salt-de- 
pleted during a four-hour interval. These states were 
produced by intraperitoneal administration of ammonium 
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chloride, sodium bicarbonate and distilled water, respec- 
tively, in amounts calculated to augment total extracellu- 
lar chloride or sodium or to deplete total extracellular 
salt by approximately 20%. 

Chloride acidosis induced: 1. A reduction in extracellu- 
lar phase of muscle of 15% as reflected in a reduced so- 
dium and chloride space of muscle, together with a pro- 
portionately smaller increment in intracellular phase. 
2. A fall of 0.025 meq., 0.015 meq. and 0.008 meq. of so- 
dium/gm. of dry bone, tendon and muscle respectively, 
beyond that attributable to changes in extracellular fluid. 

Sodium alkalosis induced: 1. A 10% expansion of the 
extracellular phase of muscle as reflected in the increased 
sodium and chloride space of muscle, together with a re- 
duction in intracellular phase. 

Salt depletion induced: 1. A predicted 20% reduction in 
the extracellular phase of muscle and a simultaneous ex- 
pansion of the intracellular phase. 2. A fall of .020 meq. of 
sodium/gr. of dry bone and .015 meq. of chloride/gm. of 
dry tendon beyond that attributable to changes in extra- 
cellular fluid. 

Approximately 90% of cortical bone sodium and a con- 
siderable fraction of connective tissue chloride and sodium 
do not appear to be contained in the extracellular fluid. 
Instead, such stores of salt are probably confined by the 
tissue matrix and may, in part, be rapidly released to 
maintain extracellular fluid composition and volume. 
Acute alterations in extracellular fluid pH appear to pro- 
duce immediate changes in the volume of the extracellular 
phase of muscle, with reciprocal changes in intracellular 
volume. 


The Relationship Between Changes in Thyroidal I™ Up- 
take and Serum Protein-Bound Iodine Following Thy- 
rotropin. RicHarp P. Levy, LuTHER W. KELLY, Jr. and 


Wiu1aM McK. Jerreries, Cleveland, O. 
by Max Miller). 


A single intramuscular injection of thyrotropin (TSH) 
in normal persons produces a significant rise in the thy- 
roidal uptake of I™ and in the serum protein-bound iodine 
(PBI) within 24 hours. The former reflects an increased 
rate of iodide trapping and the latter an increased release 
of thyroid hormone. A question arises regarding the re- 
lationship between these two effects of TSH stimulation, 
i.e. whether one might be dependent upon the other. 

When thyroid extract is administered to normal per- 
sons the uptake of I™ is depressed, reflecting decreased 
endogenous TSH effect, but the response to injected TSH 
is still brisk. The PBI response, however, is not so 
consistent. After ingestion of comparatively large doses 
of thyroid over prolonged periods, no rise in PBI follows 
a single TSH injection. Presumably prolonged inhibition 
of endogenous TSH results in an atrophic thyroid gland 
which is not able to produce a significant rise in PBI in 
24 hours, but which can still respond promptly with an 
increased trapping of iodide. 

Studies of cases of hyperthyroidism following subtotal 
thyroidectomy or I™ therapy have also produced evi- 
dence that these two effects are not necessarily interre- 
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lated, even when the thyroid tissue is under strong en- 
dogenous TSH stimulation. One patient had a normal 
increase in I™ uptake in response to TSH, but no rise in 
PBI. In this instance the residual tissue was apparently 
forming and releasing thyroid hormone at a maximum 
rate, but the iodide uptake was not maximal. In two 
other patients TSH injection produced no rise in uptake, 
but a significant increase in PBI occurred. Here the up- 
take mechanism was apparently operating at a maximum 
rate, but that controlling the release of hormone was not. 

Hence it appears that these two effects of TSH are not 
necessarily related, although under normal circumstances 
they usually occur together. 


Studies of Inactivation and Formation of Antidiuretic 
Substance by Hypophysectomized Rats. CHartes W. 
Lioyp,* Erich H. Loewy and Sopure Pieroc, Syra- 
cuse, N. Y. 

Normal and hypophysectomized young adult male 
Sprague-Dawley rats were pair fed a diet high in calories 
and protein which maintained good growth rates in both 
groups. The hypophysectomized animals had greater fluid 
intake and urine volume than the normal animals. Daily 
administration of Pitressin Tannate in oil (1 milliunit/ 
gram) caused a greater decrease in fluid intake and output 
in the hypophysectomized rats and this was maintained 
throughout the administration of Pitressin. The normal 
animals had a decrease in urine volume lasting for the 
first few days of Pitressin Tannate administration but had 
no change in fluid intake. Hyponatremia and hypochlo- 
remia developed in the normal but not in the hypophysec- 
tomized animals. This difference was probably due to 
greater dilution in the normals. The livers of the pair- 
fed hypophysectomized animals had normal ability to in- 
activate Pitressin in vitro. Daily priming with Pitressin 
did not alter this ability in either group. Since hypo- 
physectomized animals which became cachectic on a diet 
of ordinary laboratory pellets had a marked decrease in 
hepatic ability to inactivate Pitressin, it appears that this 
defect is primarily the result of nutritional rather than 
endocrine factors. Serum of recently operated animals had 
no activity. Serum of many animals hypophysectomized 
for 30 days contained essentially the same amount of anti- 
diuretic activity as was found in normal serum. This 
suggested that reorganization had taken place, permitting 
release of ADH from the hypothalamus. Measurement 
of hypothalamic antidiuretic activity demonstrated little 
activity immediately after operation. The hypothalamic 
antidiuretic activity of animals operated one month was 
higher than in normal animals. This activity was con- 
centrated in the area containing the median eminence. It 
was decreased by dehydration and increased by hydration. 
Pentobarbital appeared to increase the antidiuretic ac- 
tivity of the hypothalamus. 


Melanuria. Grorce D. Lupwic, Philadelphia, Pa. (In- 


troduced by Francis C. Wood). 

Melanuria is usually associated with metastatic mela- 
noma. However, we have observed it in a variety of dis- 
eases, and suggest possible alterations of pigment metabo- 
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lism that may have caused it. Melanin, or its precursor, 
was demonstrated spectrophotometrically, by five specific 
chemical tests, and by isolation of the pigment, in the fol- 
lowing conditions: chronic liver disease with hyper- 
pigmentation, peri-cholecystic abscess, hemochromatosis, 
argyria, Addison’s disease, and metastatic melanoma. 

Melanin is a polymer derived from tyrosine by a series 
of reactions involving the enzyme, tyrosinase, and auto- 
oxidative steps. In man, the metabolic fate of tyrosine 
includes urinary excretion, enzymatic degradation in the 
liver, and conversion of small amounts to epinephrine, 
thyroxine, and melanin. 

In chronic liver disease, the normal mechanism for 
metabolizing tyrosine may be depressed as evidenced by 
tyrosinemia and tyrosinuria. Increased supply of sub- 
strate to tyrosinase may be an important factor leading 
to hyperpigmentation and melanuria occasionally seen in 
these patients, although other factors are involved. 

Local tissue necrosis occurred with the peri-cholecystic 
abscess. Pigment production may have resulted from 
increasing substrate by liberation of phenolic groups of 
proteins, by pH changes, or from decrease of sulfhydryl 
groups, which have been proposed as normal inhibitors of 
tyrosinase. 

Increased dermal melanin deposition commonly found 
in hemochromatosis and argyria, and the melanuria may 
result from sulfhydryl binding or from direct accelera- 
tion of the enzymatic reaction by metal ions. Both phe- 
nomena have been demonstrated in vitro. 

Melanuria was found in chronic Addison’s disease with 
hyper-pigmentation, but not in acute surgically induced 
hypoadrenalism. The mechanism of increased pigment 
production in Addison’s disease is unknown, but the re- 
cent proposal that the adrenal regulates tissue sulfhydryl 
groups is in best agreement with present experimental 
data. 


Spectral Phonocardiography: Studies of Heart Sounds 
and Murmurs with a Modified Bell Sound Spectro- 
graph. Victor A. McKusicx, SAMUEL A. TALsot and 


Grorce N. Wess, Baltimore, Md. 
Cowles Andrus). 


The Bell sound spectrograph was adapted for phono- 
cardiography by these modifications: 1) Analyzing pass- 
band filter widths of 25-35 c.p.s. provide optimum si- 
multaneous resolution in time and frequency. 2) Parallel 
recording of EKG, etc., has been instrumented. 3) A 
logarithmic display of frequency spectrum has a more 
realistic appearance and advantageously “spread out” the 
lower frequency range where greater energy content is 
concentrated. 

Spectral phonocardiograms incorporate all three para- 
meters of heart sounds and murmurs in a single, detailed, 
analytical display. 

Time is displayed on the abscissa, frequency spectrum 
on the ordinate; intensity range is represented by degree 
of blackness of particular portions of the records (on 
electrically sensitive paper). Precise frequency X intensity 
analyses at specific points in time are also possible. 


(Introduced by E. 
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Spectral phonocardiograms resemble the mental images 
of cardiovascular sounds. Their interpretation is easy 
for the experienced stethoscopist. Their value in teaching 
and for permanent clinical records is great. Artefacts 
due to ambient vibrations or to electrical interference can 
be recognized as such and disregarded. 

Quantitative analyses of frequency content are pre- 
sented. Some murmurs and altered heart sounds have 
frequency components at 1500 c.p.s. or even higher. 
Higher frequency components are important in stethoscopy 
because of the Fletcher-Munson characteristics of the 
ear. 

The phonetics of the heart, ie., the physical basis of 
many adjectives used in describing the quality of these 
sounds, is elucidated: e.g., “cooing” diastolic murmurs 
are characterized by a clear-cut fundamental with har- 
monics and a distinctive curvature. Fundamental-har- 
monic systems have also been found in musical systolic 
murmurs. (The physical basis for the terms applied to 
percussion notes, breath sounds, voice sounds, and rales 
has been investigated. ) 

We seek information which is otherwise unobtainable 
clinically and which may be useful in the differentiation 
of sounds of ilentical stethoscopic character but different 
etiologic, prognostic, and functional significance. 


Clinical Application of a Sensitive Method for Detecting 
Antihormones in Patients Receiving Pituitary FSH. 
Wutram O. Mappock, Icn1ro TokuyAMA, Rosert B. 
Leacu and C. Atvin Pautsen, Detroit, Mich. (Intro- 
duced by Gordon B. Myers). 


Conventional methods for detecting antihormone forma- 
tion in patients receiving pituitary FSH are based upon 
the ability of the patients’ plasma to prevent the effects 
of the FSH administered to immature female rats or 
mice. These methods are so insensitive that clinical evi- 
dence of refractoriness usually appears before antihormone 
activity can be demonstrated in the plasma, and anti- 
hormones usually are no longer detectable one to three 
months after stopping treatment. The antihormones 
which develop in patients receiving pituitary FSH prepa- 
rations are capable of blocking the action of rat pituitary 
FSH. This suggested a sensitive antihormone assay 
method, based on the fact that the presumably minute 
amounts of endogenous FSH circulating in the immature 
female rat are necessary for chorionic gonadotrophin 
(CG) to stimulate ovarian estrogen secretion. Thus, to 
prevent the action of CG (increased estrogen secretion 
as evidenced by enlarged uteri) only enough antihormone 
need be present to block the assay rat’s endogenous cir- 
culating gonadotrophin. This method was compared with 
the conventional assay for detecting antihormones in six 
patients who received hog pituitary FSH for 2 months 
or longer. The “CG method” was 10 to 20 times more 
sensitive than the conventional assay and permitted de- 
tection of antihormones at the onset of clinical refrac- 
toriness and for as long as 12 months after stopping FSH 
treatment. 

In keeping with the interpretation that the antihormones 
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block CG action indirectly, by neutralizing the female 
rats’ endogenous gonadotrophin, the antihormones did not 
block the direct, Leydig cell-stimulating action of CG in 
male rats which does not require the presence of pituitary 
gonadotrophin. In two men having high antihormone 
levels as the result of hog FSH therapy, CG therapy 
produced a prompt response as judged by increased uri- 
nary estrogens and 17-ketosteroids and symptoms of en- 
hanced androgen production. 


Succinic Dehydrogenase Activity in Tuberculous Animals. 
S. P. Martin,* S. N. CHaupuuri and C. D. Cooper, 
Durham, N. C. 

In studies on the metabolic response of guinea pigs to 
tuberculosis it was noted that the non-caseating tissues, 
such as kidney, had a low succinic dehydrogenase activity. 
This loss of activity was also noted in animals suffering 
from hemorrhagic shock. The activity could be restored 
by addition of a factor present in normal kidney cortex. 

Chromatographic studies of normal tissues on paper and 
ion exchange column revealed that a nucleotide was re- 
sponsible for activation. This nucleotide contains adenine, 
ribose, two phosphate groups and three alpha amino 
groups. There is a free sulfhydryl after treatment with 
cyanide and Toennes reagent. The factor is thermolabile. 
Unchromatographed adenine diphosphate contains an im- 
purity that will serve as a basis for the nucleotide when 
tissues are incubated with glutathione, cysteine and 
cystine. Dinitrophenol blocks the restorative capacity 
of the nucleotide. This effect cannot be produced by the 
known nucleotides including coenzyme A. 

These data would indicate that animals in shock or 
severely infected with tuberculosis have a low succinic 
dehydrogenase activity. This lowered activity appears 
to be related to a lowering of a tissue nucleotide. The 
nucleotide may operate in one of three ways: It may re- 
move oxalacetate from the system. It may be related 
to the Slater factor. Also, this compound might serve as 
as a link in oxidative phosphorylation. The latter specu- 
lation has the greatest experimental proof. The loss of 
this material by the cell may play a role in the patho- 
genesis of this disease. 


Laboratory and Clinical Studies of a Modified Hemolytic 
Test for Tuberculosis. C. MippLEBRooK,* H. OzERENGIN 
and R. OgstrEIcHER, Denver, Colo. 

The unsatisfactory results obtained by many investi- 
gators on application of the originally described hemolytic 
test for the diagnosis of tuberculosis led us to investigate 


the causes of false positive reactions in this test. The 
following causes have been discovered and eliminated: 

1. A serologic cross-reaction exists between a com- 
ponent of old tuberculin and Staphylococci: a special 
method of fractionation of tuberculin has permitted re- 
moval of this component from the specific red-cell-sen- 
sitizing antigen. 

2. A labile red-cell-lyzing substance which appears in 
some sera from non-tuberculous individuals can be inac- 
tivated by treating the diluted serum with calcium ions 
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at 37°C. for two hours before submitting it to the hemo- 
lytic test. 

3. A serologic cross-reaction between tuberculin and 
histoplasmin, causing the sera of certain patients suffer- 
ing from histoplasmosis to give a false positive reaction 
in the hemolytic test for tuberculosis, can be eliminated by 
preliminary absorption of such sera with small amounts 
of histoplasmin—a procedure which has no effect on the 
titres of sera from tuberculous individuals. 

Application of the hemolytic test, modified as a result of 
identification of the above causes of false positive reac- 
tions, in the study of over 1,300 sera from non-tubercu- 
lous groups of human beings gave less than 3% false posi- 
tive reactions. The same modified test was applied to 
sera from a large number of tuberculous individuals. 
Approximately 75% of untreated cases gave “doubtful” 
or “positive reactions.” It has also been observed that 
chemotherapy with isoniazid and streptomycin has a 
“provocative” effect on humoral antibodies as measured 
by the hemolytic test: more than half of the untreated 
cases which gave “false negative” reactions before ther- 
apy became serologically positive in the hemolytic test 
within a few months after initiation of such therapy. 

It is concluded that the modified hemolytic test has 
proven useful as a diagnostic test for tuberculosis. 


Total Liver Phosphorus: Its Relation to Hepatic Glycogen 
Deposition. Nancy Nicuors, Frepy E. ScHERTENLEIB 
and Emery C. Miter, Boston, Mass. (Introduced by 
Alexander Marble). 


Costisone, administered for 18 days, caused a 100% 
increase in liver weight in both normal and alloxan- 
diabetic rabbits. The increase in liver size was due en- 
tirely to the intracellular deposition of glycogen and water. 
The percentage of intracellular water in the whole liver 
was unchanged and its potassium concentration remained 
constant. 

In contrast to the increase in concentration of acid- 
soluble phosphate associated with hepatic glycogenesis, 
the concentration of total phosphate fell from 245 mM/Kg 
intracellular water in glycogen-free livers to 126 in livers 
in which glycogen constituted 50% of the dry solids. A 
constant P:N ratio of 3.73 (mM phosphate: Gms ni- 
trogen) was found in all livers. In the intracellular water 
of glycogen-free liver, total phosphate was so high that 
more than half must have been bound, possibly to protein, 
if the criteria of osmotic equality and electroneutrality are 
to be satisfied. It is postulated that this excess phosphate, 
present in liver but not in muscle, forms an intrahepatic 
reservoir of phosphate ions which, as glycogen is de- 
posited, can readily change their state, entering the pool 
of acid-soluble phosphate and supplying anion equivalence 
and osmolar force to the potassium and water which are 
deposited with glycogen. 

Furthermore, since it appears from these data that no 
extrahepatic phosphate enters the liver during glycogenesis, 
it is concluded that the fall in serum phosphate associated 
with the intravenous administration of glucose is related 
exclusively to the peripheral utilization of carbohydrate. 
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The Role of Venomotor Activity in Circulatory Adjust- 
ments. Ernest B. Pace, Hersert O. SIEKER, JOHN B. 
Hickam * and Wixtt1am W. Pryor, Durham, N. C. 


Venomotor activity is involved in normal and abnormal 
circulatory dynamics, but its magnitude and importance 
have been difficult to assess. The present study is con- 
cerned with methods of measuring venous reactions, the 
pattern of normal venomotor responses, and venomotor 
abnormalities in cardiovascular disease. 

Changes in central venous pressure, reflecting veno- 
motor activity in the body as a whole, were compared 
with pressure changes in a superficial vein segment iso- 
lated by external pressure (Duggan). In sixteen normal 
subjects observations have been made on responses to the 
Valsalva maneuver, cold, exercise, postural change, and 
hyperventilation. After the Valsalva maneuver, which 
produced the greatest and most consistent response, there 
was a mean rise of 16 mm Hg in the vein segment and 4 
cm H,O in central venous pressure. Tilting and hyper- 
ventilation also caused pressure rises in both regions, 
though less marked. With cold and exercise the super- 
ficial segment constricted well, but central venous pres- 
sure changes were inconsistent. Since the two regions do 
not always change together, it appears that different 
stimuli can invoke different patterns of venous constric- 
tion. This venomotor activity has obvious importance 
in controlling the distribution of blood volume throughout 
the body. 

Four patients with diabetic, idiopathic, and post-sympa- 
thectomy hypotension showed markedly impaired or ab- 
sent venous responses to the standard stimuli. Stimulation 
of a sensitive carotid sinus, or coughing, in a patient with 
cough syncope produced simultaneous falls in central ve- 
nous and arterial pressures without change in heart rate. 
It is concluded that impairment of venomotor activity, 
with consequent decrease in venous return to the heart, 
plays a significant part in the disability of such patients. 


Pituitary Somatotropin as a Growth for Human Mam- 
mary Carcinoma. O.or H. Pearson,* Bronson Ray, 
Cuartes D. West, Cuarces C. Harrop, Joun P. 
MacLean and Min Curvu Lt, New York, N. Y. 


Oophorectomy and adrenalectomy will induce objective 
remissions in patients with estrogen dependent mammary 
cancer. Olivecrona and Luft have reported improvement 
from hypophysectomy in patients with metastatic mam- 
mary carcinoma. The question arises whether hypo- 
physectomy induces improvement simply by suppression 
of gonadal and adrenal function, or whether there is in 
addition a pituitary hormone which is important in main- 
taining the growth of breast cancer. 

Two women with active metastatic osteolytic mam- 
mary carcinoma, who had previously undergone oophorec- 
tomy and adrenalectomy with transient improvement, have 
undergone hypophysectomy. Both patients have obtained 
objective remissions as evidenced by improvement of severe 
myelophthisic anemia, cessation of osteolysis, and calcifica- 
tion of osteolytic lesions in one patient. The remissions 
continue 7 and 3 months after hypophysectomy. 
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Beef pituitary somatotropin was administered intra- 
muscularly in doses of 100 milligrams daily for 18 days 
to one of these patients three months after hypophysec- 
tomy, while on a metabolic balance regime. During 
growth hormone administration, there was a steady rise 
in urinary calcium excretion from 165 milligrams to 408 
milligrams per day. There was a concomitant rise in 
urinary phosphorus and in fecal calcium and phosphorus 
excretion. Nitrogen and potassium balances became 
slightly negative during growth hormone administration. 
When somatotropin was stopped, urinary calcium and 
phosphorus excretion promptly returned to control levels. 
These data indicate that growth hormone induced osteoly- 
sis presumably due to stimulation of growth of osteolytic 
tumor. 

These observations suggest that pituitary somatotropin 
is an important growth factor for human mammary 
carcinoma. 


Studies on a Salt Retaining Factor Prepared from Human 
Urine. Maurice M. Pecuet, Leroy E. Duncan, Jr., 
Grant W. LippLe and Freperic C. Bartrer,* Bethesda, 
Md. 

A salt retaining factor was prepared from human urine 
by the following method. The urine was acidified to pH 
1 with hydrochloric acid, extracted exhaustively with 
ether and methylene chloride, and the methylene chloride 
extract washed with alkali and water. The carefully dried 
extract was subjected to silica gel column chromatography. 
Fifteen fractions were eluted. Bioassays for sodium re- 
tention and potassium excretion in adrenalectomized dogs 
indicated that the active material was eluted with methyl- 
ene chloride-methanol mixture. This fraction was sub- 
jected to paper partition chromatography in the Pechet 
system. The migration rate of the active material was 
different from those of cortisone and hydrocortisone. The 
material was characterized by ultraviolet absorption, re- 
action with alkaline silver nitrate and blue tetrazolium. 
Of the various urines studied the material obtained from 
urine of patients with cirrhosis and ascites showed the 
highest degree of increased activity over that from nor- 
mal subjects. 

Evaluation of the salt retaining activity of this factor 
when administered to human subjects will be discussed. 


Abnormalities of Carbohydrate Metabolism of Red Cells 
in Hereditary Spherocytosis. Tuomas A. J. PRANKERD, 
Kurt I. ALTMAN and Lawrence E. Youne,* Rochester, 
N.Y. 

Since many hereditary diseases are known to be due 
to defects in intermediary metabolism, experiments were 
designed to determine if such an abnormality could be 
detected in red cells from patients with hereditary sphero- 
cytosis (HS). 

Normal and pathological human erythrocytes were in- 
cubated with NaH,P”O, at 37° C with constant bubbling of 
95% O, and 5% CO, to insure mixing and constant pH. 
Phosphate intermediates involved in glycolysis were sep- 
arated unequivocally from trichloracetic acid extracts of 
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“intracellular” and stromal fractions of these cells by paper 
chromatography. 

Normal erythrocytes take up P®-phosphate from ex- 
tracellular medium at reproducible rates, and the distribu- 
tion of radioactivity within the cells follows a constant 
pattern. 2,3-diphosphoglyceric acid (DPG) bears a pre- 
cursor relationship to adenosine triphosphate (ATP) and 
both fractions show greater activity than inorganic phos- 
phate. Stromal fractions show moderate activity of both 
2,3-DPG and ATP with magnitudes and time courses 
different from those demonstrated intracellularly. In- 
cubation with adenosine has only slight effect on relative 
specific activities (RSA’s) during the first six hours. 

Cells from HS patients, before and after splenectomy, 
take up P*-phosphate at the same rate as norma! cells, 
but relationships among intracellular fractions differ 
markedly, the RSA of inorganic phosphate exceeding that 
of either 2,3-DPG or ATP. Stromal fractions have low 
activities. Cells from certain of these cases incubated 
with adenosine show intracellular relationships restored 
closely to normal, but stromal activities are not affected. 
Phosphate metabolism in cells from other HS cases is 
not altered significantly by adenosine. This and other 
biochemical findings, together with recent hematological 
observations, indicate that the group of cases in this 
clinic regarded as examples of HS may not be homo- 
geneous. 

Results such as these suggest that “inborn errors” of 
erythrocyte metabolism may be partly responsible for the 
hematological features of hereditary spherocytosis and 
other congenital hemolytic disorders. 


A Study of the Use of Rb® as a Tracer for Measurement 
of Rb™ and K™ Space and Mass in Intact Man with and 
without Congestive Heart Failure. C. Torre Ray,* 
Sam TuHreeroot and G. E. Burcu,* New Orleans, La, 


Since rubidium enters potassium metabolic pool, at- 
tempt was made to estimate Rb™ space and potassium 
space and mass, utilizing radiorubidium. Rb™ (half-life 
19.5 days) provided information about potassium meta- 
bolism for prolonged periods (70 days) unobtainable with 
K*. One control and two subjects with heart failure were 


studied under controlled metabolic conditions. Intracellu- 
lar (erythrocytes) and extracellular (plasma) compart- 
ments were studied simultaneously. 

Estimation of space and mass by isotope dilution as- 
sumes equilibrium of distribution of isotope in all com- 
partments. Absolute equilibrium of distribution was not 
achieved since (1) erythrocyte Rb” increased 5-8 days 
after injection, whereas plasma Rb™ decreased, (2) plasma 
Rb” declined independently of erythrocytes and (3) both 
plasma and erythrocyte Rb™ declined more rapidly than 
could be explained by excretion from body. This would 
likewise apply to K®. 

Although estimated potassium space and mass utilizing 
erythrocyte space and mass equivalents varied less than 
estimations based on plasma determinations, enough 
temporal variation existed to indicate unreliability of 
calculations based on single observations. Space and mass 
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calculated from plasma values increased progressively, re- 
flecting more rapid excretion from plasma than from 
cellular compartments. Increased potassium intake caused 
more rapid Rb” loss from plasma than erythrocytes, 
marked increases of space and mass utilizing plasma space 
and mass equivalents, but only slight increases using 
erythrocyte space and mass equivalents. Therefore, in es- 
timating space and mass of substances, the major com- 
partment should always be sampled, i.e., for primarily in- 
tracellular substances (Rb, K), the intracellular compart- 
ment, and for primarily extracellular substances (Na, Cl), 
the extracellular compartment. 

Utilizing average erythrocyte values Rb™ space was 
54.6, 49.1 and 43.5% body weight and potassium mass 
was 136.7, 104.3 and 91.0 grams or 0.196, 0.186 and 
0.164% body weight for control, patient with moderate 
CHF and severe CHF respectively. These values in- 
creased slightly on higher potassium intake. 


The Relation of Urinary Ammonia to Urine pH. Froyp 
C. Rector, Jr, Arsert D. Roserts, Jr. and JoHN 
CopENHAVER, Dallas, Tex. (Introduced by Ben Fried- 
man). 


The rate of hydrogen ion secretion has been considered 
to be the factor regulating ammonia excretion. To eluci- 
date this relationship, H* formation was selectively 
blocked by giving rats carbonic anhydrase inhibitor 
(Diamox) for 14 days. Urine was analyzed for pH, 
titratable acid, and ammonia. Serum and muscle elec- 
trolyte composition was determined. Activities of glu- 
taminase and carbonic anhydrase were measured in kidney 
homogenates. 

Diamox resulted in a sustained rise in urine pH and 
fall in titratable acid excretion. Despite the alkaline 
urine, ammonia excretion rose from 1.71 + .20 meq. daily 
in controls to 2.27 + .25 meq. daily with Diamox alone 
and 2.32 + .28 meq. daily with Diamox + KCl. Parallel- 
ing the increased ammonia excretion renal glutaminase 
activity rose from 788+39 units (M NH,/100 mgm. 
dry kidney/hour) in controls to 2246+ 487 units with 
Diamox alone and 1910 + 193 units with Diamox + KCI. 
Intracellular K* decreased from 51.4 + 1.2 meq./100 gms. 
fat-free dry muscle (FFDM) in controls to 37.9+6.1 
meq./100 gm. FFDM in experimental animals. 

Potassium deficiency cannot be responsible for ac- 
celerated ammonia excretion in rats given Diamox, since 
correction of the potassium deficit prevented neither in- 
creased ammonia excretion nor increased glutaminase 
activity. The possibility of intermittent Diamox inhibi- 
tion, with consequent post-inhibitory rebound phenomena, 
was eliminated by giving the inhibitor at 4-8 hour inter- 
vals. Following a single injection of Diamox there was 
still approximately 25% inhibition of carbonic anhydrase 
activity at the end of 8 hours. Therefore, significant 
inhibition was maintained at all times. 

Increased urinary ammonia in an alkaline urine indi- 
cated that ammonia excretion was at least partially in- 
dependent of urine pH. It is suggested that the increased 
ammonia excretion was the consequence of increased renal 
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glutaminase activity, which may have been related to 
changes in intratubular acid-base equilibrium. 


Mitral Stenosis: The Effects of Digoxin with Exercise. 
E. A. S. Rem, A. B. Jupp, D. J. MacIntosu, I. G. 
Mine, T. R. Hare and M. McLaucuHiin, Montreal, 
Canada. (Introduced by J. S. L. Browne). 


Although investigators have reported upon the effects 
of Digoxin on the function of the human heart modified by 
mitral stenosis while the patient was at rest, the effect 
of this drug during exercise appears to have been ne- 
glected. The present paper is a preliminary communica- 
tion on this apparently unexplored problem. 

Eleven patients with mitral stenosis were studied. 
Cardiac catheterization was performed and pressures and 
outputs determined. Exercise by leg flexion was carried 
out for five minutes and the data recorded. One milligram 
of Digoxin was administered intravenously. Studies were 
repeated after one hour. 

Four patients, compensated and with normal rhythm, 
showed minor changes only, following digitalization. 

Three patients, decompensated and with auricular 
fibrillation, showed improvement at rest in rate, output 
and diastolic pressures. With exercise there was little 
improvement over the control period. Diastolic pres- 
sures rose to a less degree. 

Three patients, decompensated but with normal rhythm, 
showed the most improvement. The outputs were in- 
creased at rest and with exercise following Digoxin. At 
rest diastolic pressures fell but systolic pressures were 
unchanged. With exercise, there was a marked rise in 
systolic pressure during the control period but following 
Digoxin there was no rise at all. 

These studies suggest that Digoxin has an effect, not 
only on the failing ventricle but also on the failing auricle 
when this auricle has a normal rhythm. We have shown 
that Digoxin has markedly improved the function of ex- 
ercising “mitral stenotics” in failure when sinus rhythm 
is present, and that this improvement is absent when the 
auricle is fibrillating. In decompensated mitral stenosis 
after exercise, we conclude that Digoxin has a greater 
beneficial effect when normal rhythm is present than 
when the auricles are fibrillating. 


Factors Influencing the Growth of Megaloblasts In Vitro: 
Effect of Vitamin B-12, Folinic Acid (CVF), A- 
Methopterin and Colchicine. Epwarp H. REIsNeEr, Jr. 
and Harotp T. Swan, New York, N. Y. (Intro- 
duced by L. Emmett Holt, Jr.). 

Others have reported that megaloblasts grown in sus- 
pension cultures in PA serum showed normoblastic 
“ripening” with the addition of folic acid, but not with 
B-12 unless the latter was accompanied by intrinsic factor 
contained in normal gastric juice. We found that using 
their technique (a modified Osgood culture) when grown 
in suspension in PA serum for 48 hours megaloblastic 
marrows from PA patients showed a mean increase of 
nucleated red cells per mm® of 308; 561 with added B-12; 
282 with intrinsic factor; 490 with B-12 plus intrinsic 
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factor, and 1028 with CVF. Only the latter change was 
statistically significant (p< .05). Maturation of cultures 
was accompanied by disappearance of megaloblasts and 
increase of normoblasts, more marked in the presence of 
B-12 or CVF. In contrast, when grown on chick plasma 
clots or glass surfaces B-12 alone appeared to be strongly 
stimulatory and to restore normoblastic hematopoiesis. 
(CVF was not tested by the latter methods.) 

The increase of cells in megaloblastic marrow sus- 
pension cultures could be blocked with colchicine indi- 
cating it was due to mitosis. Normoblastic marrows 
showed no greater increase of nucleated red cells after 48 
hours when CVF was added than in the control. A- 
Methopterin caused a decrease in cells which was com- 
pletely reversed by CVF but not by folic acid. 

Failure of suspension marrow cultures to be stimulated 
markedly by B-12 in contrast to cultures on clots and 
glass surfaces is surprising. Possibly, the minute quan- 
tities of B-12 present in relapsed PA serum are inadequate 
to support the more vigorous growth of the latter cultures 
but suffice for the limited mitotic activity in suspension. 
Since both B-12 and CVF must be present in minimal 
amount for mitosis, under such circumstances the amount 
of CVF present in the suspension could become the major 
factor influencing growth. 

These studies fail to support the hypothesis that B-12 
must be “activated” by intrinsic factor to function in 
hematopoiesis. 


Studies in Endothelial Capillary Permeability: II. Con- 
gestive Failure. ALEXANDER P, REMENCHIK and Ros- 
ERT M. Kark,* Chicago, III. 


Reliable methods for simultaneous determinations of 
red cell mass (space) and human serum albumin space 
were developed. These were applied to measurement of 
the spaces in patients with heart disease, before and after 
successful therapy of congestive failure. Red cell mass 
measures intravascular space. In congestive failure it is 
“normal” and does not change following successful 
therapy. Albumin space measures intravascular space 
plus an unknown portion of the extravascular compart- 
ment. The albumin space is increased in congestive fail- 
ure and this implies that endothelial permeability to 
albumin is also increased, since albumin space shrinks to 
“normal” after therapy. Using data from others, to- 
gether with our own observations, an hypothesis for the 
pathogenesis of congestive failure is presented and the 
physical findings in this condition are explained. In 
patients with heart disease, the decrease in myocardial 
efficiency produces a change in permeability of the 
capillary endothelium; the development of this change 
needs study. Transfer of protein to the extravascular 
compartment causes a fall in the quantity of intravascular 
protein and a transient decrease in intravascular volume. 
Homeostatic mechanisms for maintenance of blood volume 
are activated, among which is retention of sodium and 
water. These, with protein, enter the extravascular com- 
partment. In addition, there occurs a reflex spasm of the 
venous “off-flow system” which leads to increased periph- 
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eral resistance and distention of the large veins. The 
above mechanisms account for the cold, cyanotic extremi- 
ties, the distended liver, the distended veins, and the raised 
venous pressure seen in congestive failure. Peripheral 
space may be relaxed by injection of TEAC which pro- 
duces a fall in venous pressure and loss of venous dis- 
tention in patients with congestive failure. 


Biochemical Sequence of Events After Insulin Adminis- 
tration to Diabetic Rats. Apert E. Renoip and A. 
Barrp Hastincs, Boston, Mass. (Introduced by 
Kendall Emerson, Jr.). 


Whereas effects of insulin added in vitro to skeletal 
muscle preparations can be demonstrated with ease, ef- 
fects of insulin added in vitro to hepatic tissue are most 
dificult to obtain. Indeed, the only clear-cut effect of 
insulin added in vitro to isolated liver tissue concerns 
the incorporation of acetate into fat, while attempts to 
demonstrate an insulin action on glycogen deposition, 
glucose utilization or glucose oxidation to CO,, have 
been negative. This is particularly puzzling since marked 
differences between normal and diabetic liver incubated 
in vitro have been shown. In this study an attempt has 
been made to define the biochemical sequence of events 
during the reversion of diabetic liver metabolism towards 
normal by insulin administration. 

Glucagon-free insulin was administered to diabetic rats 
in doses sufficient to depress the blood glucose level to 
normal within 6 to 12 hours. Animals were sacrificed 10 
minutes, 1, 6, 24 and 48 hours after the beginning of in- 
sulin administration and livers and diaphragms were re- 
moved. The livers were sliced and incubated with C*- 
labelled glucose, fructose, glycerol, pyruvate and acetate. 
Substrate utilization, total glucose phosphorylation, sub- 
strate incorporation into glycogen, into glucose and into 
CO, were measured. The marked differences between 
normal and diabetic liver metabolism were again demon- 
strated. In addition, it was found that whereas in 
diaphragm insulin exerts maximal effects within 10 min- 
utes to 1 hour after its administration, in hepatic tissue 
insulin effects on all measurements did not begin until 
6 hours, normal values being reached between 24 and 48 
hours only. 

This observation accounts for the inability to demon- 
strate effects of insulin added to liver in vitro, and further 
emphasizes the probable complex nature of insulin action. 
Possible implications as to treatment of diabetic acidosis 
will be discussed. 


Protein-Binding of Thyroxine in Normal and Nephrotic 
Serum. J. Ropsins, J. E. Ratt and M. L. PETERMANN, 


New York, N. Y. (Introduced by R. W. Rawson). 

The thyroxine in normal human serum is bound largely 
to a specific protein with electrophoretic mobility inter- 
mediate between alpha-1 and alpha-2 globulin (barbital 
buffer, pH 8.6). The thyroxine-binding capacity of this 
specific protein was studied in five normal serums. Syn- 
thetic 1-thyroxine-I™ was added in vitro in concentrations 
from 0.01 to 10 micrograms per ml.; and the distribution 
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of radioactivity among the proteins separated by paper 
electrophoresis was determined. The pattern of distri- 
bution changed very little until the total serum thyroxine 
content reached approximately two to three times nor- 
mal. At higher concentrations, thyroxine was found in 
increasing amounts in all protein fractions, but albumin 
became the major carrier. Essentially all of the thyrox- 
ine was bound to protein at even the highest concentra- 
tions, as shown by ultracentrifugation. Exchange be- 
tween endogenous and exogenous thyroxine was demon- 
strated by the addition of unlabeled thyroxine to serum 
containing endogenously labeled thyroxine. 

The derangement in iodine metabolism in the nephrotic 
syndrome includes a low serum organic iodine level, and 
a low BMR which is unresponsive to thyroxine adminis- 
tration. The serum thyroxine-binding protein in three 
patients with nephrosis was studied as described above. 
At low concentrations, thyroxine was bound largely to 
protein resembling the normal thyroxine carrier in elec- 
trophoretic mobility and in ultracentrifugal sedimentation. 
Excessive amounts of thyroxine, however, were carried 
to a large extent in the beta globulin, and the amount 
associated with albumin varied directly with the albumin 
concentration. The thyroxine-binding capacity of the 
specific protein, while possibly somewhat below normal, 
was adequate to bind at least the normal serum thyroxine 
content. A reduction in this protein does not, therefore, 
appear responsible for the lowered serum iodine in 
nephrosis. 


Effects of Potassium on the Renal Tubular Reabsorption 


KATHLEEN E. Roperts, Henry T. 
(In- 


of Bicarbonate. 
RANDALL and Haro_p SANpERS, New York, N. Y. 
troduced by Thomas P. Almy). 


The renal reabsorption of bicarbonate and the excre- 
tion of titratable acid, potassium, phosphate, and am- 
monium have been studied in human subjects during meta- 
bolic (hypokalemic) alkalosis, and in dogs a) during 
respiratory acidosis and b) following acute reductions in 
glomerular filtration rate. Each patient was studied a) 
during a five-day control period, b) during hypokalemic 
alkalosis, and c) following administration of potassium. 
Calculations of the amount of base-bound bicarbonate 
reabsorbed per 100 cc./glomerular filtration rate shows 
that the hypokalemic patients reabsorbed 3.2 to 3.4 mEq./ 
100 cc./glomerular filtration rate, as compared to the 
normal reabsorption of 2.7 to 2.9 mEq./100 cc. of GFR. 
Following the administration of potassium, the bicarbo- 
nate reabsorption returns to normal coincident with cor- 
rection of the plasma alkalosis. During the hypokalemic 
period, the urinary excretion of titratable acid, am- 
monium, and potassium decreased in comparison to the 
control period. Quantitatively, the increase in absorption 
of bicarbonate bound base could not be accounted for by 
the renal tubular exchange of hydrogen, ammonium, or 
potassium ions for sodium. 

Experiments were carried out on dogs to determine the 
effects of potassium on the increased bicarbonate reab- 
sorption: a) as described in conjunction with respiratory 
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acidosis and which has been attributed to elevation of 
plasma pCO., and b) as reported following acute reduc- 
tions in glomerular filtration rate. In both situations the 
administration of potassium decreased the renal tubular 
reabsorption of bicarbonate to normal values. These 
studies and data to be discussed suggest that alterations 
in intracellular pH consequent to changes in intracellular 
concentrations of potassium, bicarbonate and pCO, condi- 
tion the renal reabsorption of bicarbonate in situations of 
hypokalemic alkalosis and respiratory acidosis. 


Affinity of Gentisate for Connective Tissues Demonstrated 
by Fluorescence in the Ultraviolet. Betty S. Roor and 
Josepu C. TurNER,* New York, N. Y. 


A part of the problem of the mode of action of anti- 
rheumatic drugs concerns whether they may be actually 
bound by connective tissues or exert their action less 
directly. Fluorescence microscopy has been applied by 
others to the study of the distribution in vivo of a number 
of aromatic compounds, and the claim has been made 
that salicylate “lacks connective tissue affinity.” How- 


“ever, a systematic study of the distribution of antirheu- 


matic substances appears to be wanting. 

It was decided to examine the behavior of gentisate, 
because 1) gentisate has a far greater intensity of fluores- 
cence than other antirheumatic agents, 2) it has relatively 
low toxicity, and 3) salicylate is oxidized in part to 
gentisate in the body and this conversion may indeed be 
essential to its action. 

Mice and rats were injected intravenously with solu- 
tions of gentisate and sacrificed a few minutes later. 
When viewed with the eye in ultraviolet light, intense 
fluorescence was shown by the connective tissues such as 
tendon, cartilage, and subcutis. Viscera and muscle 
fluoresced dimly or not at all. 

The technique can be refined by the application of ultra- 
violet microscopy. Meanwhile, the finding indicates that 
at least one active antirheumatic drug has an affinity in 
vivo for connective tissue. It would appear that an ex- 
tension of the studies might provide useful information 
about certain aspects of the metabolism of these com- 
pounds. 

For example, it has been possible to show in vitro that 
fragments of cartilage or tendon immersed in a watery 
solution of gentisate for 30 minutes exhibit fluorescence 
that persists after washing under the tap or after standing 
overnight in physiological saline. This indicates that the 
fluorescence observed in vivo is due to binding of gentisate 
by some element of connective tissue. 


The Arresting Effect of Heparin Upon the Development 
and Course of Experimental Nephrosis. Ray H. 
RosENMAN, SANForD O. Byers and MEYER FRIEDMAN,* 
San Francisco, Calif. 


The injection of rabbit anti-rat kidney serum into the 
rat induced a nephrotic state, characterized, as in man, 
by albuminuria, edema, ascites, lipemia, and hypercho- 
lesteremia. 
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Administration of heparin was found to prevent or pro- 
foundly modify the development of this nephrotic syn- 
drome if it were given either before or concomitantly with 
the injection of the anti-kidney serum. Thus, complete 
prevention of the syndrome was accomplished in a series 
of rats given a continuous intravenous injection of heparin 
immediately following the injection of potent anti-kidney 
serum and almost complete prevention, in three different 
series of rats given heparin intermittently following the 
administration of the specific serum. Thus the marked 
edema, ascites, lipemia and hypercholesteremia noted in 
the control injected animals were not observed in the 
rats also treated continuously with heparin. Serum in- 
jected rats given intermittent injections of heparin like- 
wise failed to exhibit edema and ascites and showed only 
a minimal rise in serum lipids and cholesterol as com- 
pared to the control animals. The specific suppressive 
effect of heparin was demonstrated by the emergence of 
the full-fledged nephrotic state in the experimental rats 
48 hours after discontinuance of the heparin therapy. 

Administration of heparin to animals already exhibiting 
the nephrotic state also was found to depress markedly, 
their lipemia and hypercholesteremia. Possible therapeu- 
tic applications to clinical nephrosis will be discussed. 


Plasma Thromboplastin Antecedent (PTA) Deficiency 
in Man: Clinical, Coagulation, Hereditary and Thera- 
peutic Aspects. Ropert L. RosENTHAL, New York, 
N. Y. (Introduced by Arthur M. Fishberg). 


In previous studies, an hereditary, hemophilia-like dis- 
ease was discovered in 2 sisters and their maternal uncle 
who showed prolongations in the clotting time in the range 
of 20 to 30 minutes and abnormal prothrombin utilization. 
The clotting factor deficient in these cases, designated as 
plasma thromboplastin antecedent (PTA), was found to 
differ in properties from antihemophilic globulin (AHG) 


and plasma thromboplastin component (PTC). PTA is 
essential for the normal generation of thromboplastin dur- 
ing coagulation. 

Studies on other members of the original family of 
PTA deficient patients revealed that PTA deficiency can 
also occur to a lesser degree characterized by a normal 
clotting time, normal to moderately prolonged heparin 
clotting time and impaired prothrombin utilization. 
These studies also established that PTA deficiency is 
transmitted by or to either male or female as a simple 
autosomal dominant trait. 

Eighteen patients in 12 families (10 females, 8 males) 
have so far been diagnosed as PTA deficient. Except 
for the original 3 cases with prolonged clotting times, the 
clotting times in these patients have been normal. Many 
of these patients have been previously diagnosed as having 
either thrombasthenia or vascular defects. Hemorrhagic 
manifestations in these cases usually follow surgery or 
trauma and seldom occur spontaneously. Severe hemor- 
rhage often follows tooth extractions and tonsillectomy. 
Purpura and joint involvement rarely occur. The ad- 
ministration of stored, refrigerated plasma has been 
found to correct the clotting defect and is effective in 
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controlling hemorrhage or as a prophylactic measure prior 
to surgery. 

These studies are significant in that many instances of 
unexplained, abnormal bleeding can now be attributed to 
PTA deficiency and can be effectively treated or pre- 
vented. 


Auscultatory Determination of Arterial Pressure at 
Wrist and Ankle. Davin A. RyTanp* and SAMUEL H. 
Boyer, IV, San Francisco, Calif. 


Because the usual clinical methods yield erroneously 
high values for arterial pressure when the standard cuff 
is applied to large extremities such as thighs, use of a 
wider cuff has been recommended. But wider cuffs are 
not always available, nor has optimal width been estab- 
lished. We have found that the standard cuff is satisfac- 
tory on the legs, as well as on the arms of even grossly 
obese subjects, when it is applied just proximal to ankle 
or wrist. Auscultation at the appropriate artery is fa- 
cilitated by removal of the plastic portion of the stetho- 
scope bell. The method is practicable in all but hypo- 
tensive patients with faint Korotkow sounds. 

In 53 recumbent normal adults, average systolic pres- 
sure by auscultation was 6 mm. Hg lower in the radial 
than in the brachial artery, mean diastolic pressure 
(muffing) 6 mm. Hg higher; the discrepancy was less 
than 20 mm. Hg in 90% of observations (not quite simul- 
taneous). In the posterior tibial and dorsalis pedis ar- 
teries, systolic pressure was 2 mm. Hg and diastolic pres- 
sure 5 mm. Hg above brachial levels; these values re- 
sembled those at the popliteal artery distal to a wider 
cuff at the thigh. 

In 20 hypertensive patients, mean pressure relation- 
ships were as above, with greater individual variations. 
With aortic insufficiency, findings were similar but for 
Hill’s elevation (30 mm. Hg) of posterior tibial systolic 
pressure. Discrepancies between muffling and disappear- 
ance of sound at diastolic levels were 3 times greater at 
the brachial than at the radial artery. In 3 patients with 
mammoth obesity, radial and ankle pressures were far 
below brachial ones (60-140 mm. Hg systolic, 20-85 mm. 
Hg diastolic) ; this was not so with obesity of ordinary 
degree. Results following operation for coarctation of 
the aorta were readily followed. 


Clinical, Metabolic and Genetic Studies in Myotonia 
Dystrophica. Avery A. SanpBerG, Fayette E. 
STEPHENS and Frank H. Ty ter,* Salt Lake City, 
Utah. 


In personally examining the members of 15 kindreds in 
which myotonia dystrophica was found more than 100 
affected individuals were observed. Nearly all were resi- 
dents of the local rather small population, indicating that 
this disease is among the most common of neuromuscular 
disorders in this locality. Although the disease showed 
a wide spectrum of expression, in most cases the involve- 
ment was rather typical. The following features were 
usually present: myotonia, muscular atrophy in a char- 
acteristic distribution, subcapsular cataracts, gonadal in- 
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sufficiency, frontal alopecia, and peripheral trophic and 
vasomotor changes, sometimes with Raynaud’s phenome- 
non. A high proportion of the patients had cardiac 
dystrophy. Progress of a barium meal through the intes- 
tine was frequently slow and irregular. Absorption of 
certain substances (glucose, iron) was delayed. These 
changes are probably the result of involvement of smooth 
muscle. The incidence of mental deficiency was greater 
than in patients with other muscular dystrophies or in 
the general population. 

In 17 of these individuals detailed metabolic and endo- 
crine studies were performed. Because certain of the 
clinical features resemble myxedema and basal metabolic 
rates are low, others have suggested that hypothyroidism 
is an etiological factor in the disorder. We have demon- 
strated normal I™ uptake by the thyroid gland in these 
patients; the low metabolic rate is probably due to the 
loss of muscle mass. Although in contrast to other mus- 
cular dystrophies, creatinuria was irregular in these cases 
of myotonia dystrophica, serum creatine levels were usu- 
ally elevated. Adrenocortical function was normal, al- 
though the 17-ketosteroid excretion in the urine was low 
in patients with testicular atrophy. 

Inheritance of the trait was consistent with that of an 
autosomal dominant. Although penetrance appeared to 
be complete there was an extremely wide range of ex- 
pression of the trait. 


Jay P. Sanrorp, CUTTING 
(In- 


Antibody Synthesis in Vitro. 
B. Favour and Ericka Lrnpsay, Boston, Mass. 
troduced by John G. Gibson, IT). 


The demonstration of a humoral immune factor by 
Pfeiffer and Marx in 1898 and the implication of the 
spleen playing a major role in its production stimulated 
numerous investigations concerning the sites of antibody 
synthesis. The present studies were undertaken to obtain 
further data on the role of the circulating lymphocyte in 
relation to that of splenic cells in the immune response. 
The antigen used was the enzyme urease. Antibody 
(anti-urease) was measured by the inhibition of am- 
monia and of carbon dioxide release from a urea sub- 
strate by a known quantity of urease. The injection of 
this material into rabbits produced high levels of cir- 
culating antibody. 

The determinant group in the urease to which the anti- 
body appears directed is not that portion of the molecule 
which is responsible for its enzymatic action, as demon- 
strated by the poor “anti-urease” activity where the 
specific antigen-antibody complex was not removed from 
solution by centrifugation. 

Our data clarify further the role of the circulating 
lymphocyte and its relationship to splenic cells in the 
immune response. Both the spleen and circulating 
lymphocytes from an immune rabbit contain a quantity 
of specific antibody which is released upon incubation 
in vitro. Cellular respiration may be inhibited by toluol 
without affecting this release of antibody. An additional 
quantity of antibody is produced by splenic tissue in vitro 
if metabolic activity is allowed to continue. In contrast 
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the lymphocyte, while metabolically active, is unable to 
increase the amount of antibody released in vitro. 

This circulating antibody is produced in association 
with plasmacytic maturation, at least within the spleen. 
The circulating lymphocyte may carry the antibody and 
be associated with its release; however, it does not have 
the capacity for antibody synthesis in vitro. 


Solute Load and the Renal Osmotic Parameters of 
Chronically Dehydrated Men. F. Sarcent, II and R. E. 
Jounson,* Urbana, III. 

Urine flow and urine-serum osmolar ratio (U/S) are 
quantitatively related so that the minimum flow at a given 
solute load is the asymptote for maximal U/S ratios. 
This parameter has been used repeatedly in discussions of 
water requirements, to the neglect of another measurement 
that is important in renal function: the urine flow at 
which U/S becomes 1.0. The first parameter defines the 
condition for maximal renal osmotic work; the second, 
that for minimal work. Male students, apparently free 
from disease, were subjected during two week periods in 
a comprehensive metabolic study of five months’ duration 
to all possible combinations of the following average daily 
allowances: water, unlimited or 0.9 liters; sodium chlo- 
ride, 0, 5 or 20 grams; nitrogen, 0, 6, 12, 17 or 24 grams; 
and calories, 0, 1000, 2000 or 3000. Chronic dehydration 
combined with high solute load resulted in daily urine 
flows of about 0.8 liters as a minimum, and U/S osmolar 
ratios as high as 5.9; in contrast, when solute load was 
low (pure carbohydrate or high fat diet) minimum daily 
urine flow was about 0.25 liters and maximum U/S about 
4.2. With unlimited water and high solute load, the U/S 
ratio approached 1.0 as an asymptote at daily flows of 2.5 
liters or over; in contrast, with unlimited water and a low 
solute load U/S reached 1.0 with daily urine flows of 0.8 
liters and then approached an asymptote of less than 0.1 
with greater flows. We conclude that the urine flow 
for minimal renal osmotic work increases with increasing 
solute load and is related importantly to water require- 
ments and renal function during different dietary regimens. 

[Work done under Contract AF 18(600)-80 from Air 
Research and Development Command.] 


Motion Picture Studies of Ventricular Muscle Dynamics 
in Experimental Localized Ischemia, Correlated with 
Myocardial Oxygen Tension and Electrocardiograms. 
Joun J. Saven, WARNER F. SHELDON, GEORGE PEIRCE 
and Peter T. Kuo, Philadelphia, Pa. (Introduced by 
Charles C. Wolferth). 

It is well known that systolic bulging of muscle oc- 
curs in the distribution of an acutely occluded coronary 
artery. Disturbed muscle contraction is an essential index 
of severe myocardial ischemia. Acute localized ischemia 
was studied in dogs by continuous recording of polaro- 
graphic oxygen tension and simultaneous intramyocardial 
electrocardiograms from ten platinum electrodes inserted 
in the left ventricle to various depths. The relative mo- 
tions of these electrodes could then be analyzed from mo- 
tion picture records by measuring the distances between 
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markers attached to their glass shafts at the epicardial 
surface. Events were synchronized by a flashing neon 
bulb, triggered by the first upward deflection of each 
QRS complex in an intramyocardial electrocardiogram. 
Color film permitted rough estimations of epicardial ar- 
teriovenous differences and muscle discoloration. 

Results: Non-ischemic hearts yielded various types of 
muscle contraction record. The areas of earliest shorten- 
ing reduced presystolic muscle segment lengths by as 
much as % within 0.25 seconds of electrical systole. 
Other areas showed delayed shortening or very slight 
changes. Regardless of its control contraction pattern, 
muscle in severely ischemic areas was stretched rapidly 
just after electrical systole, reaching a maximum length 
increase about 0.25 second thereafter. Less severely 
ischemic muscle failed to shorten or stretched after par- 
tial systole. Muscle beyond the ischemic area was un- 
affected or somewhat increased its amplitude of con- 
traction. 

Coronary occlusion produced rapid falls of oxygen 
tension beginning within six to eight heart beats. Muscle 
contraction disturbance could be detected as early as the 
eighth heart beat. An extrasystole regularly occurred 
within fifteen heart beats and about this time the intra- 
myocardial electrocardiogram began to show abnormality. 
Epicardial electrocardiograms became abnormal later, 
often not until oxygen tension had fallen profoundly. 
Very severe acute coronary narrowing resembled occlu- 
sion in its consequences. Slighter narrowing could cause 


reduced oxygen tension and intramyocardial electrocardio- 
graphic abnormality without measurabiy changing epi- 
cardial electrocardiograms or muscle contraction. 


The Concentration of Copper and Ceruloplasmin in Ma- 
ternal and Infant Plasma at Delivery. 1. HeErpert 
ScHEINBERG,* CHar_es D. Cook and Janet A. Murpry, 
New York, N. Y. 


At delivery, maternal plasma has a concentration of 
copper about 5 to 6 times that of infant plasma. Almost 
all of the copper in the plasma of normal adult human 
beings is irreversibly bound within the protein molecule, 
ceruloplasmin, whose molecular weight is 150,000. It 
seemed unlikely that equilibrium with ‘respect to dif- 
fusion across the placental membrane would be approached 
by a molecule of this size, whereas non-ceruloplasmin 
copper might be expected to be in such equilibrium. This 
study was undertaken to investigate these suppositions. 

The concentrations of total copper, of ceruloplasmin 
and of non-ceruloplasmin copper were measured in ma- 
ternal plasma, taken immediately before delivery, and in 
plasma from the umbilical cord. In twelve pairs of 
mothers and infants, the average level of total copper in 
maternal plasma was 216 (range: 118-302), and that in 
cord plasma was 36 (range: 12-67) gamma/100 ml. In 
the same subjects, the average level of ceruloplasmin in 
maternal plasma was 55.6 (range: 39.4-89.0), and that in 
cord plasma was 6.5 (range: 1.8-13.1) mg./100 ml. 
Since 0.34% of ceruloplasmin is copper, the maternal 
plasma contained an average of 189 and the cord plasma 
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contained an average of 22 gamma/100 ml. of ceruloplas- 
min copper. In fifteen pairs of mothers and infants the 
average levels of non-ceruloplasmin copper were 10.7 
(range: 5-15) and 8.5 (range: 0-16) gamma/100 ml. for 
maternal and infant plasma, respectively. Non-cerulo- 
plasmin copper appears to approach equilibrium with re- 
spect to diffusion across the placenta since the average 
difference between maternal and infant values is not 
statistically significant by the usual criteria. In contrast, 
the fact that ceruloplasmin copper is not in such equi- 
librium accounts for the large gradient of copper between 
maternal and infant plasma. 


Neurogenic Factors in Coronary Artery Syndromes. 
I. Experimental Production of Electrocardiographic 
Patterns Simulating Acute Myocardial Infarction, Cor- 
onary Insufficiency and Cardiac Arrhythmias by Stimu- 
lation of Autonomic Nerves. SipNey ScHERLIs, R. 
Apams Cow .ey and Georce ScHIMERT, Baltimore, Md. 
(Introduced by Theodore E. Woodward). 


Psychogenic factors are known to precipitate the angi- 
nal syndrome of coronary insufficiency although the nerv- 
ous pathways have not been clearly defined. Furthermore, 
thrombosis of the coronary arteries and ultimate myo- 
cardial infarction are said to result from arteriosclerotic 
changes, yet the factors culminating in the acute episode 
have not been clearly elucidated. Based upon well founded 
clinical considerations, we accepted the premise that 
neurogenic factors may precipitate episodes of coronary 
insufficiency and even occlusion in patients with predis- 
posing atherosclerosis. The dog has been employed as an 
experimental model to investigate these factors. 

After transthoracic thoracotomy, the left vagus and 
sympathetic nerves were exposed and stimulated at vari- 
ous sites by faradic current. Uniform electrocardiographic 
changes simulating patterns typical of acute myocardial 
infarction occurred promptly when isolated vagal branches 
to the cardiac plexus were stimulated, viz.: elevation and 
coving of ST segments and T wave inversion in certain 
conventional leads. Less frequently, ST segments were de- 
pressed and T waves became sharper with increased ampli- 
tude simulating the pattern of acute coronary insufficiency. 
Stellate ganglion stimulation likewise produced the latter 
type of electrocardiographic response, and minimized the 
electrocardiographic effects of preceding “vagal” stimu- 
lation. Stimulation of vagal cardiac nerve pathways re- 
sulted in cardiac arrhythmias: auricular flutter-fibrillation, 
A-V nodal rhythm, extrasystoles, ventricular standstill, 
tachycardia and fibrillation. On one occasion, following 
brief stimulation, an “acute coronary-like” pattern was 
noted, followed immediately by ventricular fibrillation 
and death. 

These striking electrocardiographic changes hitherto 
unreported following autonomic nerve stimulation sug- 
gest either 1) interference with coronary blood flow or 
2) alteration of myocardial function by metabolic mech- 
anisms. 

These preliminary findings are discussed relative to 
theories of pathogenesis of coronary occlusion. Blocking 
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action by pharmacological methods has received consid- 
eration. 

A new surgical approved therapy of coronary disease 
based upon these factors is under investigation. 


Erythropoietic (Congenital) Porphyria: A Blood Dys- 
crasia Characterized by a Peculiar Disturbance of the 
Normoblasts. Rupr Scumip, SAMUEL SCHWARTz and 
R. DorotHy SuNpBERG, Minneapolis, Minn. (Intro- 
duced by C. J. Watson). 


Recent studies have shown that the photosensitive forms 
of porphyria include two fundamentally different dis- 
turbances of porphyrin metabolism, one related to hemo- 
globin formation during erythropoiesis (Porphyria ery- 
thropoietica), the other a liver dysfunction (Porphyria 
hepatico). Erythropoietic (congenital photosensitive) 
porphyria is a rare inherited disease manifest at birth or 
during early life. Critical review of the reported cases 
in the literature reveals only 34 instances, in which the 
diagnosis could be established beyond reasonable doubt. 
They were 19 female and 15 male children, the great 
majority having erythrodontia, hypertrichosis, hemolytic 
anemia and splenomegaly. 

Bone marrow and blood preparations of five of these 
patients, were available for study. In all instances, ex- 
cessive amounts of porphyrins were present in marrow 
and circulating erythrocytes. Using fluorescence micros- 
copy, most of the porphyrin was found in the nuclei of 
the normoblasts in the marrow. By studying and photo- 
graphing the same group of marrow cells, first in the 
fluorescence microscope, then with absorption spectro- 
scopy and, finally, by using a specialized staining tech- 
nique, the existence of a normal and an abnormal line of 
normoblasts was discovered. Cells of the abnormal 
variety exhibit high concentrations of porphyrins in their 
nuclei as well as characteristic intranuclear inclusions, 
containing hemoglobin. This, in all probability, repre- 
sents the inborn metabolic error of this disease. The 
normal cell type shows neither porphyrin fluorescence 
nor nuclear inclusion bodies. 

The ratio of normal to abnormal normoblasts in the 
bone marrow varies in different patients from 1:3 to 3:1, 
but it does not appear to be related to the severity of the 
clinical manifestations. Splenectomy performed in 3 cases 
did not alter this ratio, but it did correct the hemolytic 
anemia. As a result, the normoblastic hyperplasia and 
hence porphyrin formation and excretion decreased. 


The Relation of Life Situations to Metabolic Balance. 
W. W. Scuortstaept, Oklahoma City, Okla. (Intro- 
duced by Stewart Wolf). 

Three adult males without known renal or cardiovascular 
disease have been studied under rigid control on a meta- 
bolic ward for periods up to eight weeks in duration. 
Records were kept of events occurring on the ward and 
of the attitudes and emotions or feeling states aroused 
in the patients by these events. No stress interviews or 
contrived situations were introduced. The subjects were 
maintained on uniform intake of water, electrolytes and 
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diet throughout the period of study and daily determina- 
tions of urinary nitrogen, electrolytes, and water excre- 
tion were made. 

Marked variations in rates of excretion were observed 
despite the rigid regimen. In a subject on whom urine 
specimens were obtained four times a day, the evening 
urine volumes varied from 0.49 to 2.88 cc/min; sodium 
excretion from 34 to 278 »Eq./min; potassium from 52 
to 182 uEq./min; nitrogen from 3.23 to 13.83 mg/min; 
and corticoids from 0.35 to 1.53 »Eq./min despite constant 
intake and constant exercise. 24 hour urine volumes 
varied from 630 to 1680 cc and urinary nitrogen varied 
from 7.02 to 13.00 gms. All marked variations from the 
average rates of excretion were easily correlated with 
troublesome events occurring spontaneously. For ex- 
ample, anxiety was induced by the illness of other patients 
and anger because a meal was served cold instead of 
warm. Tension was induced by brooding over past health 
and depression because of the failure of expected visitors 
to appear. 

The study has shown that careful control of intake and 
activity is not adequate to assure a steady metabolic state. 
Marked variations in urinary excretion of nitrogen, elec- 
trolytes and water correlated with events occurring during 
ward routine and with the emotions and feeling states 
aroused by these events. 


The Osmotic Activity of Cells of Mammalian Tissues. 
Irvine L. Schwartz and Eucene L. Opis, New York, 
N. Y. (Introduced by Vincent P. Dole). 


Slices of liver and kidney cortex, taken from rats im- 
mediately after death and immersed in a series of salt 
solutions, swell if the concentration is less than about twice 
that of extracellular fluid, and shrink if the concentra- 


tion is greater. From these results it is inferred that the 
osmotic activity within the cells of the slice is about twice 
that of the solutes in normal extracellular fluid. 

This conclusion, however, depends on the assumption 
that salt remains extracellular during the period of meas- 
urement. Evidence to support this assumption has been 
obtained in the following experiments: fresh slices of liver, 
kidney cortex, and corium were weighed, immersed for 
periods of time from 1 to 60 minutes in solutions of 0.1 
to 1.0 N NaCl, reweighed to measure the gain or loss of 
water, and then analyzed for electrolytes. It was found 
that the entry of sodium into the tissues was independent 
of the movement of water, and simply proportional to the 
concentration of sodium in the external medium. The 
results indicated that the medium quickly came into equi- 
librium with 20 + 2% of the liver mass, 31+2% of the 
kidney, and 49+ 1% of the corium—values which are 
close enough to those accepted for extracellular space to 
suggest that the effect of immersion within the first ten 
to fifteen minutes is to equilibrate the bath and the inter- 
stitial fluid. Later, the intracellular concentration of so- 
dium rises, but at the end of the first ten minutes only 
the interstitial fluid has equilibrated. Therefore, the 
isosmotic solution can be taken as a measure of the os- 
motic activity of cells in the tissue slices. 
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Effect of Cortisone on Intracellular Peptidase Activity. 
THEODORE B. Scuwartz, Durham, N. C. (Introduced 
by James V. Warren). 

Dipeptidase activity of surviving diaphragm has been 
used as a model to represent intracellular protein catabolic 
processes. This enzymic activity is determined by meas- 
uring the rate at which glycylglycine is hydrolyzed by 
viable isolated rat diaphragm tissue. The enzyme is 
strongly activated by cobalt and inhibited by cysteine, and 
these variations have been demonstrated both in vitro and 
in vivo. A 50% increase in dipeptidase activity of sur- 
viving diaphragm followed the administration of cortisone, 
5 mgm. a day, over a 5-day period. This hormonal effect 
requires the presence of intact cells since it was not 
demonstrable in rat muscle extracts or homogenates. The 
mechanism by which such biologic activation occurs is 
being explored; and there are indications that this corti- 
sone-induced enhancement of peptidase activity of isolated 
diaphragm is not mediated by way of increased avail- 
ability of cobalt ion since, when the experiment was re- 
peated with optimal amounts of cobalt added in vitro, 
dipeptidase activity of cortisone-treated animals remained 
greater than normal. 

These observations are consistent with the view that the 
protein catabolic effect of adrenal steroids is, in part, 
the result of enhanced intracellular, proteolytic activity. 
This hormonal effect is demonstrable only in the presence 
of viable, intact cells and apparently does not operate 
through metal activation. 


The Dependence of Renal Sodium Reabsorption on Hy- 
drogen Exchange. Witttam B. Scuwartz* and 
Arno_p S. RELMAN, Boston, Mass. 


Net tubular transport of water and electrolytes has 
been measured in well-hydrated anesthetized dogs given 
large doses (500 mgm./kgm.) of acetazoleamide, a potent 


carbonic anhydrase inhibitor. Frequently, half or more, 
and on several occasions two thirds, of the filtered sodium 
was excreted together with eighty to ninety per cent of 
filtered bicarbonate, twenty to forty per cent of filtered 
chloride and an amount of potassium at least equal to, 
and up to, eighty-six per cent greater than the filtered load 
of potassium. 

During this brief profuse diuresis, urine volume was 
one-half to two-thirds of the volume of the glomerular 
filtrate and U/P osmolar ratios approximated unity. Fil- 
tration rate was usually unaffected or slightly reduced. 

Maximal depression of bicarbonate reabsorption (to 
rates of .1 to .6 mEq./min./100 cc. GFR) was observed 
with large doses of the inhibitor at widely varying levels 
of plasma bicarbonate (19-75 mEq./L.) and blood pCO, 
(25-100 mm. Hg). With lower doses of inhibitor (10- 
50 mgm./kgm.), one-third to one-half the normal load of 
bicarbonate can be diverted into the urine with little or 
no consistent effect on chloride excreiion; the latter was 
consistently increased only with maximal dosage. 

These observations are consistent with the hypothesis 
that all bicarbonate reabsorption is accomplished by 
tubular exchange of hydrogen for sodium and that 
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carbonic anhydrase is required to catalyze this reaction 
if the rate of reabsorption is to be more than minimal. 
The data further suggest that most, if not all, sodium 
reabsorption is effected by hydrogen-sodium exchange. 
The large increment in chloride excretion seen only with 
maximal doses of inhibitor is probably secondary to the 
diuresis of sodium which results when the rate of tubular 
hydrogen ion generation falls significantly below the rate 
of filtration of sodium chloride. 


Potassium Intoxication During and Immediately Follow- 
ing Respiratory Acidosis. Bevptinc H. Scrisner, 
Georce M. Bocarpus, KENNETH FREMONT-SMITH and 
James M. Burnett, Seattle, Wash. (Introduced by 
Robert S. Evans). 


Unexplained cardiac arrest and death have been ob- 
served during and immediately following the respiratory 
acidosis of general anesthesia. These studies indicate that 
potassium intoxication associated with respiratory acido- 
sis may be an important factor. 

Dogs were made acidotic for 2-5 hours with a mixture 
of 30% CO, and 70% oxygen. Blood pH fell promptly 
and remained between 6.7 and 6.9. Balance studies re- 
vealed that during the acidosis 5 to 15 milliequivalents 
of potassium were transferred per hour from the cells 
into the extracellular space. Arterial serum potassium 
always rose at a rate which varied inversely with uri- 
nary excretion. Most animals survived serum potassium 
levels as high as 9 to 10 mEq./L. without electrocardio- 
graphic changes as long as they were maintained in aci- 
dosis. Immediately upon return to room air, blood pH 
rose abruptly and electrocardiographic evidence of potas- 
sium intoxication appeared often progressing to cardiac 
arrest and death. Prompt reinstitution of respiratory 
acidosis was frequently lifesaving. 

The appearance of potassium intoxication with the re- 
lief of respiratory acidosis was related to at least 2 fac- 
tors: 1) There was a transient further increase in the 
serum potassium level of 0.5 to 1.0 mEq./L. when the 
acidosis was terminated. 2) Potassium loading studies 
revealed that potassium intoxication in non-acidotic dogs 
occurred at serum concentrations 2 to 4 mEq./L. lower 
than in dogs in respiratory acidosis. 

These data suggest that certain unexplained anesthetic 
deaths may be due to potassium intoxication because: 1) 
Respiratory acidosis causes hyperkalemia. 2) Relief of 
acidosis causes further transient hyperkalemia. 3) There 
is less tolerance to hyperkalemia at normal blood pH than 
during respiratory acidosis. 


The Relation of Hypokaliemic Alkalosis Induced by 
Adrenal Steroids to Renal Acid Secretion. Donatp W. 
SeELpIN,* Fioyp C. Rector, Jr., NorMAN CARTER and 
Joun CopENHAVER, Dallas, Tex. 

The cause of the alkalosis which develops in animals 
rendered potassium deficient by administration of DOCA 
and sodium has not been clearly elucidated. To clarify 
the role of the kidneys in the alkalotic process, rats were 
tube-fed standard electrolyte-deficient diets for 14 days 
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and treated with various combinations of electrolytes and 
DOCA. Urine was analyzed for pH, titratable acid, and 
ammonium. Muscle and serum electrolytes were meas- 
ured. Activities of glutaminase, glycine oxidase, leucine 
oxidase, and carbonic anhydrase were determined in the 
kidneys. 

Rats receiving sodium, DOCA, but no potassium, de- 
veloped severe systemic alkalosis and excreted approxi- 
mately 8 meq. more acid, primarily as NH,, than cor- 
responding control animals. The alkalosis must therefore 
be, in part at least, a consequence of the renal loss of acid. 
Associated with this accelerated ammonium excretion re- 
nal glutaminase activity increased from 788 + 39 «M NHs/ 
100 mgm. dry kidney/hr. in control animals to 1842 + 445 
in animals rendered alkalotic with sodium and DOCA. 
Neither renal carbonic anhydrase nor ammonia-producing 
enzymes other than glutaminase changed significantly with 
increased acid secretion. 

The increased glutaminase activity was not a conse- 
quence of any direct action of DOCA or sodium on the 
renal tubules, since rats given either DOCA or sodium 
salts, but with sufficient potassium to prevent potassium 
deficiency, developed neither alkalosis nor increased glu- 
taminase activity. 

These findings suggest that hypokaliemic alkalosis pro- 
duced by DOCA and sodium is, in part at least, a conse- 
quence of the renal loss of acid, principally as ammonium. 
Accelerated ammonium excretion, in turn, apparently re- 
sults from the activation of renal glutaminase. This 


enzymatic adaptation was not a result of the direct effect 


on the tubule of sodium or DOCA, but occurred only if 
potassium deficiency supervened. It is suggested that the 
adaptation of glutaminase may be stimulated either by 
potassium depletion or intracellular acidosis. 


Tritodothyronine Administered Orally in the Treatment 
of Myxedema. Herpert A. SELENKow and SAMUEL P. 
Asper, Jr.,* Baltimore, Md. 


Recent investigations indicate that triiodothyronine is 
the most potent form of the thyroid hormone known. 
The levo isomer of triiodothyronine, administered par- 
enterally to patients with myxedema, possesses three to 
four times the calorigenic effect of I-thyroxine and ex- 
hibits all the metabolic properties ascribed to the thyroid 
hormone. . 

In the present study the calorigenic activities of /- 
triiodothyronine, dl-triiodothyronine and sodium I-thy- 
roxine administered orally were determined in six pa- 
tients with myxedema. The daily dose required to 
maintain euthyroidism was 70 to 105 micrograms of 
I-triiodothyronine, 200 to 300 micrograms of dl-triiodo- 
thyronine and 300 micrograms of sodium /-thyroxine. 
All patients receiving triiodothyronine became clinically 
euthyroid within ten to fourteen days. During this 
period each patient exhibited a six to ten pound loss in 
weight, a decrease in the serum cholesterol to normal 
levels and an increase in basal metabolic rate to normal 
values. In addition, during administration of either [- 
or dl-triiodothyronine, levels of serum protein-bound 
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iodine were in the range of myxedema at times when the 
patients were completely euthyroid. This has also been 
noted following parenteral administration of triiodothy- 
ronine. It is apparent that the level of the serum protein- 
bound iodine is not indicative of the metabolic status of 
athyreotic patients receiving triiodothyronine as judged by 
present standards of the normal range for this determina- 
tion. 

Triiodothyronine administered orally was uniformly 
effective in alleviating myxedema. The dl-isomer of tri- 
iodothyronine had approximately one-half the calorigenic 
effect of an equivalent dose of /-triiodothyronine; this 
suggests that the d-isomer probably is calorigenically 
inactive. The /-isomer of triiodothyronine possessed three 
to four times the calorigenic effect of sodium /-thyroxine. 
Triiodothyronine has the therapeutic property of acting 
rapidly in minute doses. Like thyroxine, it is a chemically 
pure synthetic form of the thyroid hormone, obviating 
standardization. 


The Participation of Fibrin in the Activation of the 
Fibrinolytic Enzyme of Plasma. Sot SHerry,* Cincin- 
nati, O. 


A number of observations have suggested that, in na- 
tive plasma, under conditions conducive to the activation 
of plasminogen (the precursor of the fibrinolytic enzyme), 
fibrinolysis proceeds at a much faster rate than fibrinogen 
breakdown. However, plasmin, the active enzyme, in 
purified systems attacks fibrinogen and fibrin at the same 
rate and its activity on these substrates appears to be 
directly related to its general proteolytic properties. To 
explain this paradox, Ratnoff has suggested an accele- 
rated activation of plasminogen in the presence of a fibrin 
clot. 

We have obtained direct evidence, in vitro, that the 
streptokinase activation of plasminogen in plasma is 
markedly accelerated by the presence of a fibrin clot. 
The observations indicate that activation rapidly occurs 
on the fibrin where considerable amounts of plasminogen 
and streptokinase are adsorbed. The local activation of 
the enzyme on the fibrin results in rapid fibrinolysis, fol- 
lowed by release of the activated enzyme into the sur- 
rounding plasma, where it is slowly inhibited. In vivo 
observations, following the intravascular injection of 
streptokinase into dogs with intraarterial thrombi re- 
sulted in a very small increase in circulating proteolytic 
activity and minor changes in the plasminogen and fibri- 
nogen concentrations of the plasma, yet produced rapid 
liquefaction of normally clotting blood specimens, and 
significant dissolution of the experimental thrombi. In 
sharp contrast, when plasminogen was completely ac- 
tivated in the plasma, in vivo, by another mechanism, 
large amounts of circulating proteolytic activity appeared, 
the plasminogen disappeared, and an incoagulable state 
rapidly resulted. Dissolution of the experimental thrombi, 
however, was similar to the streptokinase treated animals. 

The observation that fibrin provides a favorable sur- 
face for the mediation of the activation of plasminogen by 
streptokinase suggests that this phenomenon may be in- 
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volved in naturally occurring fibrinolysis, and may also 
explain the special fibrinolytic activity observed in pa- 
tients following streptokinase injections. 


The Mechanism of Pigmentation in Addison’s Disease. 
Kazuo SH1zuME, AARON BUNSEN LERNER and THOMAS 
B. Fitzpatrick, Portland, Ore. (Introduced by Arthur 
W. Frisch). 

Clinical and experimental evidence will be presented 
to show that the hyperpigmentation of Addison’s disease 
is probably due to an increase in the release of the 
melanocyte stimulating hormone (MSH) from the 
pituitary gland as a result of a decrease in adrenalcorti- 
cal function. 

Administration of MSH to four persons produced an 
increase in pigmentation. After discontinuation of the 
hormone, pigmentation gradually decreased, and the skin 
returned to its previous color. 

Blood and urine levels of MSH are increased in Ad- 
dison’s disease. When cortisone given for treatment is 
withdrawn, urinary output of MSH is increased. The 
hyperpigmentation of Addison’s patients, as well as the 
normal pigmentation of frogs, decreases following ad- 
ministration of cortisone. Cortisone probably inhibits the 
production of MSH by the pituitary gland. 

Commercial ACTH preparations contain fairly large 
amounts of MSH. The hyperpigmentation resulting from 
long-term treatment with ACTH may result from the 
action of MSH present as a contaminant in the ACTH 
preparation. 


Demonstration of Antivessel Agents in Serum of Patients 
with Anaphylactoid Purpura and Periarteritis Nodosa. 
Mario STEFANINI* and Irma B. MeEpnicorr, Boston, 
Mass. 


Two cases were observed with associated acute idio- 
pathic thrombocytopenic purpura and Henoch-Schénlein’s 
anaphylactoid purpura. In one, a platelet isoagglutinin 
could be detected. In view of the recently emphasized im- 
munologic nature of idiopathic thrombocytopenic pur- 
pura, search was conducted for agents in the serum of 
these patients capable of reacting with vascular elements. 
Decalcified serum in both instances contained precipitin 
against stable, saline-soluble antigen prepared from aortic 
intima and from total aorta of newborn infants. Com- 
plement was fixed in the course of this reaction. With 
separation by means of paper electrophoresis in one case 
(Dr. Carlos Guzman L.) the active fraction was found 
to be y-globulin. The agent was relatively labile during 
storage (inactivated after 10 days, even at freezing tem- 
perature), and destroyed at 60° C. 

A standard preparation of the aortic antigen was made, 
containing 20 mgs. N%. With this antigen, decalcified 
sera gave positive precipitation in 6 out of 8 cases of 
anaphylactoid purpura, 3 out of 4 cases of periarteritis 
nodosa. Test was negative in acute idiopathic thrombo- 
cytopenic purpura (5 cases) and lupus erythematosus 
(3 cases). Antigens were prepared from intimal and 
from adventitial and elastic layers of aorta. Perhaps due 
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to difficulties in separating various layers of the acrta, 
positive sera reacted equally with both antigens. Plasma 
from two patients with anaphylactoid purpura was in- 
jected into compatible normal individuals. No purpura, 
no positive tourniquet test developed, but the antivessel 
factor was transmitted to the recipient. 

These results appear to indicate the role of circulating 
antivascular agents in the pathogenesis of vascular damage 
in anaphylactoid purpura and periarteritis nodosa. It is 
likely that these factors develop as immunologic response 
(antibodies), since in experimental animals one obtains 
antivessel serum by administration of heterologous aorta 
constituents. 


Disappearance from Serum of I™-Labeled L-Thyroxine 
and L-Triiodothyronine in Euthyroid Subjects. Ken- 
NETH STERLING, Joyce Lasuor and Everyn B. Man, 
New Haven, Conn. (Introduced by Philip K. Bondy). 


Radioactively labeled 1-thyroxine or 1-triiodothyronine 
in tracer amounts was injected intravenously in nine 
euthyroid hospital patients and two normal volunteers. 
Serum butanol extractable iodines were normal. 

Patients received an excess of non-radioactive iodine 
during studies to minimize thyroid uptake and reutilization 
of radioiodine liberated on degradation of the administered 
compounds. 

Serum radioactivity was measured on blood samples 
drawn ten minutes after injection, and daily for two 
weeks. There was a rapid initial fall, attributed to a 
distribution phase. Within two days after injection of 
radiothyroxine, the serum radioactivity declined more 
gradually, assuming a straight line on semilogarithmic 
plot. This slow exponential component of the disappear- 
ance curve was interpreted as indicating thyroxine turn- 
over, or the rates of formation and degradation, which 
in a steady state should be identical. The mean half- 
time of thyroxine turnover in six subjects was 6.5 days. 

The disappearance curve observed after injection of 
labeled triiodothyronine was much more rapid, with a 
mean half-time of 2.6 days in four subjects. Successive 
studies with 1-thyroxine and 1-triiodothyronine in one 
individual clearly demonstrated the more rapid disappear- 
ance of the latter compound. 


Studies on Hydralazine: Evidence for a Peripheral Site 
of Action. Apert STUNKARD, LoTHAR WERTHEIMER, 
and WaLTeR Reprscu, New York, N. Y. (Introduced 
by David Seegal). 

An attempt was made to determine the site of action of 
the antihypertensive agent, hydralazine, by measurements 
in man of blood flow in intact and denervated extremities. 
Control studies of 4 patients in whom the nervous system 
was intact established that intravenous administration of 
hydralazine caused either no change or slight decrease 
in skin temperature, and blood flow as measured by 
plethysmography of the limb. The legs of 4 patients 
with spinal cord transection, however, showed significant 
increases in both skin temperature and blood flow, while 
the upper extremities with intact innervation responded 
to hydralazine administration in the usual manner. 
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When denervation of the limb was achieved by unilateral 
sympathectomy, hydralazine again increased blood flow 
to the denervated extremity (the leg) while reducing it 
in the intact leg. These observations suggested that hy- 
dralazine might act at the blood vessel wall itself. The 
possibility that the action might represent adrenergic 
blockade was excluded by the failure of hydralazine to 
decrease the hypertensive and bradycardic effects of nor- 
epinephrine infusion. Furthermore, no effect on the 
cold pressor response was observed following doses of 
hydralazine large enough to lower blood pressure. It was 
concluded that hydralazine could act directly upon the 
blood vessel wall, and that this might be a major site of 
action. 


Catheterization Studies on the Bronchial and Pulmonary 
Vascular Systems in Dogs; With Special Reference to 
the Chemotherapy of Lung Cancer. R. D. Suttivan, 
T. C. Arrorp and D. A. Karnorsky,* New York, 
Na. ¥. 


Polyethylene catheters were introduced at thoractomy, 
singly and in combination, into the right bronchial artery 
and into various branches of the pulmonary arteries and 
veins. The catheters were brought out through the chest 
wall and remained in situ for periods as long as three 
months. By injecting Diodrast, serial angiograms were 
obtained under various experimental conditions in studies 
on 23 dogs. This catheterization technique may be ap- 
plied to respiratory physiologic studies. 

Dye injected into the bronchial or pulmonary arteries 
demonstrated the arborizations of these vessels, and was 
rapidly cleared. After ligating the pulmonary artery and 
vein to a lobe, dye injected into the lobe artery or vein 
pooled in the vessels of the occluded lobe ; however, 3 days 
later, dye given in the same manner, filled the bronchial 
arterial tree, indicating that collateral channels had 
opened between the pulmonary and bronchial vessels. 
Additional collateral channels appeared between the bron- 
chial artery and the systemic circulation. Thus, it is 
possible to distribute dye throughout the bronchial arterial 
system by ligating a pulmonary vein, and injecting dye 
into the pulmonary artery to the same lobe. 

Parallel procedures were performed with nitrogen 
mustard HN,, 1 mg/kg, injected into the pulmonary 
and bronchial vessels. No local injury resulted from the 
injection of HN, into the unaltered pulmonary artery, 
whereas introduction into the bronchial artery severely 
injured the entire tracheo-bronchial tree and hilar struc- 
tures, including the lymph nodes. Similar effects were 
produced by injecting HN, into the pulmonary artery 
three days following ligation of the pulmonary artery 
and vein. In contrast instillation of HN, through a 
bronchoscope into a major bronchus produced edema, 
hemorrhage and focal necrosis in the pulmonary paren- 
chyma only. Since lung cancers and their regional 
metastases derive their blood supply from the bronchial 
artery, methods for modifying the pulmonary circulation 
at exploratory thoractomy enhance the opportunities for 
the local chemotherapy of these neoplasms. 
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A Forty-Eight Hour Procedure for the Determination of 
Post-Transfusion Survivel of Erythrocytes from Pre- 
served Blood, Employinyy Radioactive Chromium-51 
(Cr®). Trmotny R. T.tsot, Jr, Mary Sax and 
Auice Cary, Philadelphia, Pa. (Introduced by Thomas 
Fitz-Hugh, Jr.). 

The method herewith presented obviates the need for 
blood volume determination and requires only forty-eight 
hours to give an accurate measure of post-transfusion 
survival of erythrocytes. 

We have found that 25 to 50 ml. of Cr™ labelled erythro- 
cytes can be injected easily in less than one minute. 
Therefore, observations can be made during the first few 
minutes after injection, followed by serial observations 
during the first hour. Samples are then taken at 2, 4, 6, 
24, and 48 hours. 

The shape of the “disappearance curve” after the in- 
jection of preserved, labelled erythrocytes is tri-phasic, 
due to: (a) mixing time, (b) a “rapid” phase, and (c) 
a “slow” phase. The curve then becomes identical in 
slope with that seen after the injection of fresh cells. 

A “destruction gradient” can be measured between the 
value at the end of mixing time and the value at the end 
of the “slow” phase, which usually occurs at about 48 hours. 

The per cent non-viable cells is equal to the “destruc- 
tion gradient.” This has been confirmed as follows: 

(a) Total circulating hemoglobin was determined in 
several individuals with Cr™, as described by Gray and 
Sterling. These same individuals were then given about 
40 ml. of labelled erythrocytes from preserved blood, 
and the total circulating hemoglobin again calculated, us- 
ing the end of mixing time as the value representing di- 
lution. These two methods agreed within an average of 
4%, with a maximum difference of 7%. 

Radioactivity was measured as counts per minute per 
gram of hemoglobin. Thus any error inherent in using 
hematocrits was eliminated. 

(b) 450 ml. aliquots of the same preserved blood as 
that used above were transfused into recipients whose 
total circulating hemoglobin had been previously de- 
termined as described above (Gray, S. J., and Sterling, J., 
J. C. I. 29, 1614, 1950.) The per cent survival was de- 
termined using Ashby counts. These values agreed 
within 10 % of those calculated from the “destruction 
gradient.” 


The Participation of the Erythrocyte in the Electrolyte 
Changes Induced by Intravenous Salt Loading. BeEv- 
ERLY T. Towery and Howarp E. Morcan, Nashville, 


Tenn. (Introduced by Hugh J. Morgan). 


Plasma and erythrocyte concentrations and urinary 
excretion of sodium, potassium, chloride and water were 
studied in 15 normal young adults before and after a 
60-minute infusion of 5 per cent sodium chloride. A con- 
stant oral water intake, established prior to infusion, 
was continued throughout the period of observation. A 
comparison is made betwen the pre-infusion period of 
diuresis and the second post-infusion hour. Erythrocyte 
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concentrations of electrolytes were determined by an 
indirect method. 

The pre-infusion erythrocyte sodium  concentrat.on 
tended to vary inversely with the plasma sodium concen- 
tration, but a definite relationship has not been established. 
The initial plasma potassium was maintained within a 
narrow range despite varying red cell concentrations. 

After the infusion, the changes in concentration of 
erythrocyte sodium and potassium bore a relationship to 
their initial level; high values decreased, low values rose. 
A correlation of the changes in erythrocyte sodium with 
the changes in erythrocyte potassium revealed that these 
ions moved in the same direction. 

The change in potassium clearance was inversely re- 
lated to the pre-infusion clearance of this ion and did not 
correlate with the change in plasma or erythrocyte con- 
centration thereof. 

The rise in chloride clearance was closely correlated 
with the rise in sodium clearance, but was not related 
to changes in plasma chloride concentration. The alter- 
ation in sodium clearance varied inversely with the change 
in plasma sodium concentration. This appeared to be 
the result of cellular and renal changes rather than the 
cause. A direct relationship of questionable statistical 
significance was found between the changes in erythrocyte 
sodium concentration and increments in sodium clearance. 
These data suggest that cellular ionic exchanges, similar 
to those exhibited by the erythrocyte, are important in 
the regulation of the renal clearance and plasma concen- 
tration of sodium. 


A Comparison of the Metabolism of Rb™ and K® Follow- 


Matcoitm P. 
(In- 


ing Simultaneous Injection into Man. 
Tyor and James S. Etprince, Oak Ridge, Tenn. 
troduced by George T. Harrell). 


The physical characteristics of K® (t 1%4 12.4 hr) have 
limited its widespread use. 

Studies indicate that rubidium may replace potassium 
in several biological systems. The physical characteristics 
of Rb® (t 4% 19d) are suitable for tracer studies in man. 

Simultaneous intravenous injections of K® and Rb™ 
were given to four patients with leukemia and carcinoma. 
Stable rubidium injected varied between 0.25 meq and 
1.52 meq to determine any effect of “carrier”; potassium 
injected was 0.07 to 1.04 meq. 

Multiple samples of plasma, red cells, and urine were 
obtained from all patients; white cells were separated in 
one patient. Each sample was assayed in a well scintilla- 
tion counter. Counts of Rb® and K® were determined by 
taking advantage of their half lives, and analyzed 
statistically. 

The per cent of total counts of Rb® and K® in each 
sample of plasma, red cells, and urine was relatively con- 
stant within each patient. When the ratio of Rb™® to K® 
in the plasma and red cells of individual patients was 
compared to the ratio of the mixture injected, they were 
found to be similar. The ratio for white cells also agreed 
closely with that of the administered dose. 

In contrast, the ratio of Rb™® to K® in the urine of each 
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patient was constantly lower than in the mixture injected. 
The lower valves, however, bore a consistent relationship 
to the ratio of the dose injected in each patient. The ra- 
tios of per cent total counts Rb™ in urine to the per cent 
total counts Rb™ injected were similar in all patients. 

Within individual patients the data indicate a constant 
ratio of Rb” and K® in plasma, red cells, white cells, and 
urine. The ratio is similar to that of the injected dose in 
all fractions except urine, which showed less Rb” and 
more K®. 


Studies of Serum and Gastric Factors in the Etiology of 
Pernicious Anemia: A Proposed In Vitro Test for 
Intrinsic Factor Activity. Wa ter G. UNGLauB and 
O. Neat Mriier, New Orleans, La. (Introduced by 
Grace A. Goldsmith). 


Normal human gastric juice, collected following hista- 
mine stimulation, markedly enhances the vitamin B,, 
combining activity of serum when mixtures of serum, 
gastric juice, and added free vitamin are incubated to- 
gether. This effect depends upon the ratio of gastric 
juice to serum, as well as the initial concentration of the 
added free vitamin, and is greatly in excess of the en- 
hancement predicted for simple mixtures. Gastric juice 
from patients with pernicious anemia in relapse or in 
remission possesses this potentiating activity to a much 
smaller extent than does an equal volume of gastric juice 
from normal persons. 

Incubation of normal gastric juice with serum from 
patients with pernicious anemia does not potentiate the 
B,, combining activity as much as incubation with normal 
serum. Gastric juice from patients with pernicious anemia 
enhances the combining activity of pernicious anemia 
serum only slightly when compared with normal gastric 
juice. 

Studies in one patient with pernicious anemia before 
and after adequate oral therapy with a commercial prep- 
aration containing vitamin B,, and an intrinsic factor con- 
centrate suggest an improved in vitro combining activity 
of the serum following therapy. 

These observations lend support to the concept of the 
participation of a “serum factor” in the etiology of perni- 
cious anemia. The techniques employed in this study 
have been applied to the in vitro evaluation of the anti- 
pernicious anemia activity of various intrinsic factor 
concentrates and they appear to give a valid test for 
intrinsic factor activity. Megaloblastic anemias other 
than pernicious anemia are being investigated with this 
technique. 


The Relationship of Leukocyte Alkaline Phosphatase to 
Pituitary-Adrenal Activity. Wttt1aAM N. VALENTINE,* 
James H. Forrette, Barton E. Harpin and WILLIAM 
S. Becx, Los Angeles, Calif. 


Unit cell leukocyte alkaline phosphatase activity fre- 
quently increases several fold in the presence of such 
diverse circumstances as infection, trauma, vascular 
emergencies, surgery and diabetic acidosis in which 
pituitary-adrenal hyperactivity may be a common de- 
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nominator. In pacients studied before and after surgery 
leukocyte phosphatase uniformly rose stepwise to peak 
values averag.ng four times the pre-surgery level 72 hours 
after the procedure, remained elevated in the presence of 
complications, and returned to baseline over the next 
several days in uncomplicated procedures. <A_ similar 
four fold increase occurred in each of five subjects re- 
ceiving Acthar Gel for a 72 hour period with return to 
normal by 72 hours after stopping medication. Oral and 
intramuscular cortisone produced no or small responses 
over a similar period. Phosphatase activity required at 
least 72 hours to become maximally elevated in response 
to either a relatively prolonged “stress” or ACTH medi- 
cation, appearing to increase rather uniformly and contin- 
uously during this time interval. Of considerable interest 
has been the observation that in all cases of active rheu- 
matoid arthritis and disseminated lupus erythematosus and 
in most cases of uncomplicated acute rheumatic fever thus 
far studied the leukocyte phosphatase activity has not 
been increased. This suggests that in these diseases and 
in these patients this form of “stress” may not result in 
increased endogenous pituitary and/or adrenal activity. 
These data are not adequately explained by alterations in 
the leukocyte differential formula in subjects studied. 
Further investigation anticipates exploration of time-dose 
relationships and the effect of other steroids. 


Persistent Neutropenia with Maturation Arrest of the 
Bone Marrow tn Graves’s Disease, Not Related to 
Drugs. W. P. VanpeRLAAN and Henry W. CouHeEn, 
Boston, Mass. (Introduced by E. B. Astwood). 


A woman presented classic features of Graves’s dis- 
ease, untreated, and a leukopenia. There were 3,100 leu- 
kocytes per cu. mm., 6% polynuclear neutrophils, 30% 
monocytes, 60% lymphocytes, 2% eosinophils, and 2% 
basophils. Bone marrow examination disclosed normo- 
cellularity, slight lymphocytosis, and maturation arrest at 
a promyelocyte level. Eosinophils were mature; there 
was no erythroid or megakaryocytic abnormality. The 
hematologic findings remained unchanged during one 
month during which there was no treatment. For two 
months after radioactive iodine treatment the hyperthy- 
roidism and leukopenia persisted; the protein-bound io- 
dine level was 15.6 ug./100 ml. In the next month both 
the hyperthyroidism and the leukopenia improved. 
Lymphocytosis, monocytosis, leukopenia, and anemia have 
been described in Graves’s disease; the present case sug- 
gests that neutropenia approaching agranulocytosis may 
also be associated with thyrotoxicosis. Search disclosed 
no evidence of exposure to chemical agents known to 
suppress myelopoiesis. 

Two-hundred and fifty ml. of the patient’s plasma, taken 
after some improvement had occurred, was infused into 
a normal 42-pound boy and induced no significant change 
in his peripheral blood. 

The case illustrates persistent neutropenia paralleling 
the severity of Graves’s disease, not relating to drugs. 
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Turn-Over Rates of Various Plasma Proteins in Normal 
and Cirrhotic Humans Using Biosynthetic Methods. 
Wabe VotwiIter,* Patric:z: D. GotpswortHy, MARION 
P. MacManrtINn, Patricta ANN Woop, IAN R. Mackay, 
KENNETH FREMONT-SMITH and Dorotuy F. SHook, 
Seattle, Wash. 


With S-35 I-cystine, two contrasting biosynthetic tech- 
niques have been employed to measure turn-over rates of 
specific plasma protein fractions in normal subjects and 
in edema-free patients with advanced portal cirrhosis: (1) 
oral single administration of labeled amino acid precursor 
with subsequent serial sampling of plasma proteins for 
measuring rate of isotope decline, (2) transfusion of 
fresh normal pre-labeled donor plasma into suitable re- 
cipients, followed by measurement in the recipient of rate 
of loss of isotope from the infused proteins. 

A total of 30 such determinations for specific protein 
fractions have been made, including albumin, 8, lipopro- 
tein and fibrinogen. Albumin has been prepared by the 
Batchelor-Brown modification of Cohn’s Method 10, 8, 
lipoprotein by Cohn’s Method 10 with subsequent ultra- 
centrifugation (Gofman), and fibrinogen by the method 
of Surgenor et al. The composition of these fractions 
from each experimental subject has been repeatedly ap- 
praised by electrophoresis, and homogeneity has varied 
from 80-100%. 

Following are the average values of half-life (days) 
obtained for each fraction with biosynthetic techniques 
(1) and (2): Albumin: Normal (1) 29 (2) 20, Cirrhosis 
(1) 21 (2) 24; Cohn I+III: Normal (1) 7, Cirrhosis 
(1) 10; 8, lipoprotein: Normal (1) 4.5 (2) 3.5, Cirrhosis 
(1) 7.7 (2) 5; Fibrinogen: Normal (1) 5 (2) 4, Cirrhosis 
(2) 4. 

These data suggest: (1) Re-utilization of isotope does 
not produce error in measurement of half-lives with bio- 
synthetic method I, (2) An abnormal size in the circu- 
lating mass of a specific plasma protein is not necessarily 
associated with an abnormal life-span, (3) Iodinization 
of plasma proteins may sufficiently denature protein as to 
result in a shortened life-span. 


Evidence for a Qualitative Difference Between the Gamma 
Globulin of Patients with Multiple Myeloma and of the 
Normal Human. Rosert L. Watt and Litta SHu 
Yunc Sun, Columbus, O. (Introduced by Charles A. 
Doan). 


Many investigators have postulated that the hyper- 
gammaglobulinemia of some multiple myeloma patients 
represents a protein that differs qualitatively from normal 
gamma globulin. Proof that such a difference exists has 
been lacking. In the present study evidence is presented 
to support such a qualitative difference. 

Gamma globulin preparations of adequate homogeneity 
could not be obtained with existing fractionation pro- 
cedures. Therefore, a method was developed employing 
zinc diglycinate as a precipitating agent with subsequent 
chelation of the protein-bound zinc by the sodium salts 
of ethylene-diamine-tetra-acetic acid. This method rou- 
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tinely produces an extremely homogeneous gamma globu- 
lin preparation as judged by the following tests: elec- 
trophoresis (both zone and »Xoundary methods) with cal- 
culation of heterogeneity constants; optical ultracentrifu- 
gation with calculation of sedimentation constants; and 
by quantitative precipitin experiments employing specific 
rabbit antiserums. The method is applicable both to 
normal plasma and to plasma from myeloma patients. 

Gamma globulin prepared by this method from pooled 
normal plasmas and from myeloma plasmas was then 
utilized for the production of rabbit antiserums. Pre- 
vious quantitative precipitin experiments by the present 
authors, as well as other investigators, have shown that 
normal gamma globulin behaves as an immunologically 
homogeneous protein. Quantitative precipitin experiments 
with the present normal gamma globulin antiserum show 
marked differences in the precipitin curves when normal 
globulin and myeloma gamma globulin are used compara- 
tively as antigens, as would occur if these proteins differed 
qualitatively. The reaction of myeloma gamma globulin 
antiserums with normal gamma globulin showed the 
presence of some normal gamma globulin in the myeloma 
gamma globulin. However, after maximal precipitation 
of the myeloma antiserum by addition of normal gamma 
globulin, this antiserum is still capable of precipitation 
with myeloma gamma globulin, demonstrating a true 
qualitative difference between normal and myeloma gamma 
globulin. 


Hepatic Coma: Effect of Sodium Glutamate. LeEs.ie T. 
WEssTER, Jr. and CuHartes S. Davinson,* Boston, 
Mass. 


Ammonia or related compounds have been implicated as 
possible etiologic factors in the production of hepatic 
coma. The highest blood and plasma “ammonia” con- 
centrations have been found in this condition. The syn- 
drome of impending hepatic coma can be produced in 
some patients with hepatic disease by administration of 
ammonium salts. Glutamic acid plays an important role 
in intermediary nitrogen metabolism and can combine with 
ammonia to form less toxic compounds. Walshe reported 
favorable results with this amino acid in the treatment of 
hepatic coma. 

In the present study 23 grams of sodium glutamate 
was given intravenously to eight patients with Laennec’s 
cirrhosis who were in coma or impending coma. Pa- 
tients evaluated daily with respect to state of conscious- 
ness and the characteristic “flapping” tremor were sepa- 
rated into three groups: coma, impending coma, and im- 
pending coma induced by ammonium salts. Three 
patients were studied on more than one occasion and in 
more than one group. Plasma “ammonia” concentrations 
were measured. 

Two comatose patients showed questionable temporary 
improvement, one after three isolated infusions and the 
other after four daily infusions of glutamate; both sub- 
sequently died. Six patients with spontaneous impending 
coma received from one to three daily infusions of 
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glutamate; again, with little, if any, improvement. Four 
in this group subsequently expired. Impending hepatic 
coma was induced in two patients by administration of 
ammonium salts. Glutamate failed to modify this syn- 
drome which, however, disappeared after discontinuing 
ammonium salts. One of these patients was then given 
glutamate prior to ammonium salt administration, but this 
amino acid failed to prevent the onset of the characteristic 
syndrome. ; 

Thus, sodium glutamate was found to have little, if 
any, beneficial effect on liver coma or impending coma; 
it also failed to prevent onset and exacerbation of impend- 
ing coma induced by ammonium salts. Plasma “ammonia” 


concentrations showed no consistent changes. 


Comparative Incorporation of S®* I-Cystine and S* So- 
dium Sulfate by Normal and Leukemic Leukocytes. 
Austin S. Wetspercer, Lerr G. SUHRLAND and BEN- 
NETT Levine, Cleveland, O. (Introduced by T. H. 
Ham). 


Previous studies indicate that /-cystine (or /-cysteine) 
may have an important role in leukocyte metabolism. 
Comparison of the uptake of S*® sodium sulfate with that 
of S* [-cystine by normal and leukemic leukocytes re- 
veals certain differences in incorporation both in vivo and 
in vitro. 

Tracer amounts of S* /-cystine or S*® sodium sulfate 
were administered orally to normal and leukemic patients. 
The concentration of S* per ml packed leukocytes was de- 
termined at intervals. Jn vitro studies were obtained by 
incubating whole blood with these compounds and measur- 
ing the radioactivity incorporated per ml packed leuko- 
cytes. 

Characteristic patterns of incorporation were obtained 
for orally administered /-cystine in normal and leukemic 
leukocytes. Acute leukemic leukocytes incorporated 
I-cystine most rapidly. The disappearance curves of 
radioactivity indicate that the approximate life span of 
leukocytes in normals is 13 days, in chronic myeloid 
leukemia 8 days, in acute leukemia 3 days and in chronic 
lymphatic leukemia longer than the period of observation. 

Orally administered S* sodium sulfate is utilized poorly 
by leukocytes in acute leukemia and in chronic lymphatic 
leukemia. However, incorporation of sodium sulfate by 
normal and chronic myeloid leukemic leukocytes is com- 
parable to that of orally administered /-cystine. 

l-cystine is readily incorporated by both normal and 
leukemic leukocytes in vitro. This is an active process 
and not solely dependent upon simple diffusion. In con- 
trast, however, only chronic myeloid leukemic leukocytes 
readily incorporate sodium sulfate. All other types of 
leukocytes exhibit a low level of incorporation of sodium 
sulfate. 

The data demonstrate differences in utilization of 
l-cystine and inorganic sulfur by normal and leukemic 
leukocytes. The findings are compatible with the ap- 
parently unique role of /-cystine in leukocyte metabolism. 
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A Study of Renal Tubular Phenomena Under the In- 
fluence of a Carbonic Anhydrase Inhibitor. L. G. 
WE t,* D. T. Younc, O. A. THorup, Jr. and C. H. 
Burnett,* Chapei Hill, N. C. 


The consequences of the administration of a carbonic 
anhydrase inhibitor were studied in three normal male 
subjects in an experimental setting characterized by a 
modest acidosis and a state of physiologic diabetes in- 
sipidus. The former was induced by the ingestion of 
ammonium chloride for five days, and the latter by the 
administration of an infusion of a dilute solution of glu- 
cose in water in a manner designed to achieve and main- 
tain a positive balance of water of a liter or more. The 
carbonic anhydrase inhibitor promoted: 1) a striking in- 
crease in the rates of excretion of water, sodium, bicarbo- 
nate, and total solutes; 2) lesser increases in the rates of 
excretion of potassium and chloride; 3) decreases in the 
rates of excretion of ammonia and titratable acid; 4) an 
increase in the pH of the urine; and 5) a slight decrease 
in the clearance of inulin. 

An increase in urine flow (despite a decrease in GFR) 
superimposed on a state of physiologic diabetes insipidus 
implies that a larger volume of fluid had gained access 
to the distal tubule. According to current concepts this 
would result from a decrease in active proximal reab- 
sorption of solutes which, in this instance, were predomi- 
nantly sodium and bicarbonate. Since these alterations 
were promoted by the administration of carbonic anhy- 
drase inhibitor and the reabsorption of bicarbonate appears 
to be dependent on the secretion of hydrogen ions, the 
inference is that hydrogen ions are usually secreted in the 
proximal as well as the distal tubule. 

The increase in urine flow was composed of increments 
of both “free” and “osmolar” water. These data can be 
explained as the result of an augmented distal tubular re- 
absorption of solutes consequent to the delivery of a larger 
volume of isosmotic fluid to this portion of the nephron. 


SPCA-Induced Thrombosis: Its Pathogenesis and the 


Effect of Anticoagulants. 
Mass. 


The pathogenesis of thromboembolism and the relative 
efficacy of drugs in the prevention of intravascular coagu- 
lation remain poorly defined. In this laboratory an ex- 
perimental method has been developed whereby, in dogs, 
the systemic infusion of serum fractions has routinely 
produced venous thrombosis under conditions of simple 
stasis. The role of anticoagulants in inhibiting these 
thrombi has also been investigated. 

Serum fractions prepared by barium sulfate adsorption 
and citrate elution are rich in SPCA (convertin) and its 
precursor, pro-SPCA (proconvertin) but are devoid of 
significant amounts of prothrombin, thrombin, thrombo- 
plastin and Ac-globulin. Antecubital vein infusions of 
these SPCA preparations routinely induced rapid throm- 
bus formation in jugular vein segments completely iso- 
lated immediately after infusion, although no measurable 


STANFORD WESSLER, Boston, 
(Introduced by Herrman L. Blumgart). 
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rise in pro-SPCA or SPCA was cemonstrable. Direct 
venous narrowing or external application of tourniquets 
to intact extremities immediately after SPCA infusions 
similarly induced coagulation distal to the obstructed 
areas. 

Dicumarol was given to ten animals with consequent 
reduction of one-stage prothrombic activity to two per- 
cent of normal or below. In only one dog was SPCA- 
induced thrombosis prevented ; in this animal the coagula- 
tion defect was so severe that the clotting time had been 
tripled. In striking contrast, heparin administered to ten 
animals in amounts sufficient to double the clotting time 
produced complete inhibition of SPCA-induced clots in all 
instances. 

Excessive SPCA activity has been observed in some 
clinical states and its possible relation to thromboem- 
bolism has been proposed. The studies herein described 
provide experimental evidence for the concept that minute 
amounts of active SPCA (contrasted with inactive pro- 
SPCA) may under conditions of simple stasis initiate ex- 
tensive intravascular clotting. The data also demonstrate 
that SPCA-induced thrombi are more effectively inhibited 
by heparin than by Dicumarol even when the latter drug 
produces a profound reduction in the circulating SPCA 
complex. 


Metabolic Studies Demonstrating Increased Resistance of 
Hyperthyroid Patients to Pitressin Tannate Adminis- 
tration. RaymMonp E. Weston,* HeELen B. Horowitz, 
SHIRLEY RusBLer and Jacop GrossMAN, New York, 
N.Y. 


Previous studies have established that intramuscular 
administration of 1 unit of Pitressin Tannate-in-Oil 
(PTO) b.i.d. to normal subjects and patients in congestive 
failure, on adequate fluid intakes, leads to marked water 
retention, increased urinary total solute concentration 
(U.T.S.C.), and hyponatremia. In contrast, we found 
that 5 units of PTO t.id. had no metabolic effect in a 
severely hyperthyroid woman without demonstrable renal 
disease, maintained on a high salt diet. 

Since then, three additional hyperthyroid women on 
our metabolic ward have been given PTO for 6-12 days. 
To evaluate the influence of urinary solute load, two were 
maintained on a high (175 m.Eq.) and one on a low (25 
m.Eq.) sodium intake. To compensate for hyperidrosis, 
fluid intakes were considerably increased. 

All exhibited resistance to Pitressin. On 2 units t.i.d., 
one patient on high salt intake exhibited transitory in- 
crease in calculated U.T.S.C. from 366 m.Osm./I. to 
450-520 m.Osm./1., without change in urine volume (1800- 
2400 ml.) or serum electrolyte concentrations. Because 
of severe hyperidrosis, another on high salt intake had 
control urine volumes of 1400-1600 ml. with measured 
U.T.S.C. of 564-608 m.Osm./l. On PTO (2 units t.id.) 
her U.T.S.C. rose slightly to 650-700 m.Osm/l., and her 
serum sodium fell 7 m.Eq./l., partly due to increased 
natriuresis on the sixth and last day. The following day, 
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her urine volume increased to 2200 ml., U.T.S.C. dropped 
transiently to 390 m.Osm./l. weight fell 1 kgm., and serum 
electrolytes returned to normal. The one patient on the 
low sodium intake exhibited only slight antidiuretic re- 
to PTO (2 units t..d.), as indicated by small 
U.T.S.C. increases from 285-355 to 365-420 
m.Osm./I.,. with subsequent 
natriuresis and hyponatremia. 

Possible mechanisms responsible for the apparent re 
sistance of these hyperthyroid patients to the anti-diuretic 
effect of PTO will be discussed. 


sponse 
m.Osm./1. 
retention and 


some water 


Rosert I. 
(In- 


Clinical Studies on Staphylococcal Septicemia. 
Wise and Caro.inE Cranny, Minneapolis, Minn. 
troduced by Wesley W. Spink). 


Fifty-one cases of staphylococcal septicemia 


were studied and treated at the University of Minnesota 


severe 


and associated hospitals from November, 1951, through 
February, 1954. Twenty-one patients recovered, 27 ex- 


pired and 3 are under treatment. The mortality rate, thus 


far, is 53%. Sensitivity of the cultures of Micrococcus 
pyogenes var. aureus (Staphylococci) to the antibiotics 
was studied in vitro by the tube-dilution technique. 

The percentages of cultures which were resistant to 50 
units or micrograms per ml. were as follows: penicillin 
70.1%, streptomycin 65.7%, chlortetracycline 37.2%, oxy- 
46.6%, The 


strains were sensitive to bacitracin, erythromycin, carbo- 


tetracycline and chloramphenicol 2.5%. 
mycin and neomycin at concentrations of less than 10 
units or micrograms per ml. in percentages of 92%, 100%, 
97%, and 82% 
sensitive to one unit or microgram per ml 
17.1%, 


oxytetracycline 23.1%, 


respectively. The percentages of cultures 
were as fol- 
lows: penicillin streptomycin 2.4%, chlortetra- 
21% 


26.2%, erythromycin 87.8%, 


cycline chloramphenicol 0%, 


bacitracin and neomycin 
34.2%. 

Bacteriophage typing of the cultures revealed 8.2% in 
group IT, 44.5% in group III, 5.6% in a miscellaneous 
group (type 44A), none in group I, and 41.7% were non- 
typeable. 
group III and the non-typeable group. 


Antibiotic-resistant cultures were prominent in 
The percentages 
of group III strains resistant to 50 units or micrograms 
per ml. were as follows: penicillin 87.5%, streptomycin 


The 


percentages of non-typeable strains resistant to 50 units or 


75%, chlortetracycline and oxytetracycline 43.7%. 
micrograms per ml. were as follows: penicillin 66%, 
streptomycin 73%, chlortetracycline 33% and oxytetra- 
cycline 53%. Strains in group II and the miscellaneous 
group were sensitive or slightly resistant to all antibiotics. 
No correlation existed between the bacteriophage types 
and death of the patients. 

Patients surviving were treated with combinations of 
antibiotics, which were selected on the basis of in vitro 
sensitivity tests. The combinations included penicillin and 
bacitracin, erythromycin and bacitracin, or carbomycin and 


bacitracin 
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Oxygen Content of Pulmonary Artery Blood During the 


Respiratory and Cardiac Cycle in Relation to P 
Flow Measurement by the Fick 


Woop * and Jonn T. SHEPHERD, 


SSIVLE 
Vethod 


Rochester, 


Errors in 
Ear. H 
Minn. 

Changes in 


blood flow and oxygen content associated 


with respiratory or cardiac cycles may introduce large 


systematic errors in determinations of cardiac output 
(Visscher). To study this possibility, a method was de 
vised for withdrawal of blood samples from the heart and 
great vessels during any phase of respiratory or cardiac 
cycles. This consists of a synchronizer circuit controlling 
an electromagnetic 
catheter and blood-sampling syringe. 
the synchronizer when activated by 


by the 


between cardiac 
Delay and hold 
the 
R wave of 


valve interposed 


circuits allow 
onset of inspiration or expiration or 
the ECG to hold the sampling valve open during any 
portion of respiratory or cardiac cycles. Oxygen satura- 
tion of blood withdrawn in this manner was determined 
by photometry and manometric methods. In 8 subjects 


without shunts (2 normal and 6 with mitral disease) 


there was no demonstrable difference in oxygen content 
of pulmonary artery blood during inspiratory or expira- 
In 4 subjects (2 


systole and 


tory phases of the respiratory cycle 


there no difference during 


Failure to demonstrate differences means that 
Hence, 


normals ) was 
diastole. 


if cyclic variations did occur, they were small 


possible errors from this cause in cardiac output values 


also probably small 
pulmonary 


by conventional Fick methods were 

Phasic differences in content of 
artery blood were not demonstrated in 4 patients with 
large left-to-right shunts via atrial septal defects. How- 
ever, small but probably significant changes in pulmonary 
artery samples with the cardiac cycle were found in 


oxygen 


some patients with patent ductus arteriosus or ventricular 
The direction and magnitude of the 


septal defect sys- 
tematic error in determination of pulmonary blood flow 
by the conventional Fick method under circum 
stances is related to the product of the amplitude of the 
variations and the cosine of the phase angle between the 
variations in flow and oxygen content 


such 


Quantitative Fractionation of Serum Proteins Deter 
mined by Moving Boundary and Paper Electrophoresis 
Moses Wurm, New York, N. Y. (Introduced by 
Ernst P. Boas) 

Paper electrophoresis gives satisfactory qualitative 
separations of a variety of complex mixtures but the 
quantitative aspects of the method as applied to serum 
To obtain 
consistently that 
lend themselves to quantitation it was essential to keep 


proteins have not been adequately examined 
reproducible electrophoretic patterns 
the filter paper strips freely suspended in a taut, hori- 
zontal position throughout the period of electrophoresis 
and Staining either with brom 
phenol blue or Amido-Schwarz 10B gave similar values 


subsequent drying. 
The dry patterns were measured in a photoelectric densi- 
tometer (Photovolt 501A) using white light, and curves 
were obtained by plotting the antilog of the optical den 
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sity readings against distance of migration on the paper 
This conversion expressed the observed propor- 
calibration 


strip 
tionality, 


optical density and the logarithm of protein concentra- 


determined from curves, between 
tion 

Serum protein distributions thus determined compared 
favorably with the values obtained in a moving boundary 
apparatus (Aminco Portable). Ten pairs of consecutive 
determinations on the serum of a single donor by paper 
(P) and moving boundary (M) electrophoresis expressed 
in terms of relative protein concentrations gave the fol- 
lowing mean results + S.E.: albumin (P) 58.5 + 1.29 and 
(M) 59.1 +.67 (t=.41); alpha,-globulin (P) 3.9 + .27 
and (M) 4.5+.24 (t= 1.39); alpha.-globulin (P) 7.2 + 
27 and (M) 8.7 + 47 (t=2.77) ; beta-globulin (P) 13.0 

56 and (M) 13.9+.35 (t= 1.36); gamma-globulin 
(P) 17.4 .94 and (M) 13.8~+.44 (t =3.46). Statisti- 
cally, the albumin values showed a high degree of identity 
while the alpha,-globulin and beta-globulin values were 
The highly sig- 
nificant difference in gamma-globulin values might be at- 
tributed to protein adsorption on paper, an inherent char- 
The significant dif- 


at variance within experimental limits. 


acteristic of paper electrophoresis. 
ference between the alpha,-globulin values remains un- 
explained 


Excretion of Hydroxyproline in Patients with Rheumatic 
Diseases and in Children. Morris Z1rF, ANDRE KIBRICK, 
Exits Dresner and H. Joe: Grisetz, New York, N. Y. 
(Introduced by Currier McEwen). 

Hydroxyproline constitutes 15 per cent of collagen, and 
except for small amounts present in elastin, is found in 
no other protein of the body. The excretion of this 
amino acid was determined in patients with “collagen 


FORTY-SIXNTH 


ANNUAL MEETING 


diseases” as well as in control subjects in order to de- 
termine whether differences due to abnormal collagen 
metabolism might be detected. Forty-five adults and 
fourteen children were placed on a standard low hydroxy- 
proline diet. Free and total urinary oxyproline were de- 
termined by the colorimetric method of Wiss, which was 
shown to agree closely with a chromatographic, radio- 
Total amino acid, 
creatinine, and nitrogen were also determined. 


active isotope derivatization method. 


Over 95 per cent of excreted hydroxyproline was in 
bound form. Excretion was not increased by administra- 
tion of cortisone or by ingestion of 4 grams of oxyproline 
or proline daily, although there was a prolonged rise in 
blood level and in excretion of free hydroxyproline after 
Hydrolysis studies suggest that 
the bound hydroxyproline of urine is in peptide linkage. 
Since this peptide is apparently not formed from adminis- 


ingestion of the latter. 


tered hydroxyproline, it breakdown 
product of collagen. 

No significant difference was observed between the ex- 
cretion of hydroxyproline in normal adults and in a group 
of adult patients with miscellaneous diseases on the one 
hand, and patients with rheumatoid arthritis and other 
on the other, either on an absolute 


may represent a 


“collagen diseases” 
basis or as per cent of total amino acid. Thus no signifi- 
cantly increased breakdown of collagen in patients with 
diseases of the connective tissue was demonstrated. 

The excretion of hydroxyproline in children was two 
to three times greater than in adults on an absolute basis, 
and four to five times greater when expressed as per cent 
of total amino acid. Increased excretion of bound hy- 
droxyproline by children may indicate the presence of an 
increased pool of hydroxyproline peptide for collagen 
synthesis in the growing individual. 





ELECTROPHORESIS APPARATUS 


Aminco’s leadership in this field has made its models of electrophoresis 
apparatus standard equipment in research institutions throughout the 
United States and abroad. Compact and complete units, these instruments 
incorporate optical systems of high resolving power, regulated high-voltage 
supplies, mechanical refrigeration, and dialysis facilities. Convenient to use, 
high output, mobile, and versatile for exacting research in electrophoresis 
analysis, preparative work, and diffusion studies. BULLETINS L-2175 & L-2281, 


WARBURG APPARATUS 


Maximum operating convenience and superlative performance are charactere 

istic of Aminco Warburg apparatus that is serving so creditably the world over. 
Available in the rotary type (illustrated) or dual-shaker (rectangular) 

type, in heated or refrigerated models. 

‘ bind many advantages of Aminco apparatus are described in BULLETIN 


DUBNOFF METABOLIC SHAKER-INCUBATOR 


Up to 30 specimens can be shaken simultaneously in this improved apparatus 
at temperatures from 25° to 100° C., with a sensitivity of plus-minus 0.015° C. 
within the flasks. Intended for metabolic studies not requiring the measure- 
ment of gas exchange. Accommodates two types of racks for holding beakers 
or Erlenmeyer flasks. Shaking speed is constant regardless of line-voltage 
fluctuations. Has provisions for gassing. Flasks may be simultaneously 
cooled, gas equilibrated, incubated, or boiled. Many other features described 
in BULLETIN L-2239. 


LIGHT-SCATTERING MICROPHOTOMETER 


Measures from 20 micro-microlumens to 20 lumens, absolute turbidity, dis- 
symmetry, depolarization, fluorescence, reflectance, phosphorescence, optical 
density, and optical transmission. Has outlet for connection to a recorder. 
BULLETIN L-2241. 


PHOTOMULTIPLIER MICROPHOTOMETER 


For precise measurement and comparison of light intensities at selected 
wavelengths. Measures from 20 microemicrolumens to 20 lumens, densities 
from 0 to 11, and phototube currents from 10-5 to 10:''' amperes. Range can 
be extended with neutral filters. BULLETIN L-2190. 


Other rémince Laboratory Tustraments 


Freeze-dry Apparatus Incubators Thermoregulators 
Centrifuges Ovens Relays 
Pipetting Machines Sterilizers Pumps 
Optical Absorption Cells Mechanical Dialyzers Stirrers 
Constant Temperature Baths Flame Photometers Immersion Heaters 
Coleman Spectrophotometers, Fluorometers, Nephelometers, 
Colorimeters, and pH Meters 


AMERICAN INSTRUMENT COMPANY, INC. 
’ Silver Spring, Maryland ¢ In Metropolitan Washington, D. C. 
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SHAKER-INCUBATOR 


LIGHT-SCATTERING 
MICROPHOTOMETER 











“FOR LABORATORY USE, THE BEST IS NONE TOO GOOD” 


ESTABLISHED 1920 


Manufacturer of 


MICROSCOPE SLIDES 
CULTURE SLIDES 
FLAT GLASS SPECIALTIES 


Processor and Distributor for 


“CORNING” Brand Optical Cover Glass 





J. MELVIN FREED, INC., PERKASIE, PA. 


Products Sold Only Through Laboratory, Hospital 
and Surgical Supply Dealers 











Reduce 


HYPERTENSION 


with 


HEAAMEION 


Hexamethonium Chloride 


Potent ganglionic blocking agent; modifies vasocon- 
striction by cutting off some sympathetic stimulation. 


Many patients taking ‘Hexameton’, orally or subcu- 
taneously, are maintained at reasonably normotensive 
levels; signs and symptoms of chronic hypertension 
are often reversed. 


Full details, of dosage, administration, and 
precautions will be sent on request. 


for oral use—two products: 
‘HEXAMETON’ Chloride brand Hexamethonium Chloride 
COMPRESSED. 250 mg. and 500 mg. Both strengths 
scored. 

for injection— two products: 
“HEXAMETON’ Chloride brand Hexamethonium Chloride 
INJECTION. Each ee. contains 25 mg. or 100 mg. hex- 


amethonium ion. Each strength in multiple-dose vials 
of 10 ee. 


“BR BURROUGHS WELLCOME & CO. (U.S.A.) INC., restore» ane 





Measure to 0.0025 pH with the 
BECKMAN Model GS pH METER 


& TERO ADIUSTOR 
8 LXPANDED RANGE 
(© 100 av. rtR orersiom) 


SENSITIVITY 
Swircn 
» 68 


BECKMAN pH METER, 
MODEL \ 


The new GS offers all of 
the Model G’s advantages 
of dependability, versatil- 
ity, portability, and rug- 
gedness. In addition, it is 
eight times as accurate, 
making it the most sensi- 
tive and accurate pH me- 
ter commercially available. 


The Beckman Model GS pH Meter 
is a modification of the famous Model G pH Me- 
ter, featuring two new operating controls which 
provide higher measuring accuracy through in- 
creased sensitivity of the energy measuring sys- 
tem. This instrument may be operated either as 
a standard Model G pH Meter, or in a more 
accurate manner by using the Helipot with a 


Medicine, biology, and many 
other fields require ultra- 
precise pH measurements. 
To answer this demand, 
Beckman has created the 
Model GS pH Meter to pro- 
vide 20 times the sensitivity 
of the famous Beckman 
Model G. 








BECKMAN 


Duodial and the Sensitivity Switch to change 
from normal to increased sensitivity. The same 
electrodes are used for either operation. Measure- 
ments can be made inside the electrostatically- 
shielded sample compartment with small 
electrodes mounted on the compartment door, 
or outside the instrument with larger, internally- 
shielded electrodes. 


Available with the Model G and GS pH Meters is a full line of pH electrodes 
designed for every need. 


For complete information on this phenomenal new pH meter, 
write for Data File 64 — 316. 


Beckman Caganecses 


BECKMAN INSTRUMENTS, INC. 
FULLERTON 1, CALIFORNIA 
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CR: P-A 


C-reactive Protein Antiserum — Schieffelin 


® a unique diagnostic and therapeutic aid in the detection and management 


& 


of a wide variety of inflammatory conditions’” 


simple, economical, routine laboratory procedure that has been demon- 
strated to be the most consistently positive laboratory test in the presence 
of rheumatic activity” . . . often reveals presence of subclinical inflam- 
matory reactions . . . detects relapse or recurrence of inflammatory disease 


... and aids in gauging adequacy of therapeutic regimens 


“False positive tests do not occur since CRP is not present, even in trace 
amounts, in normal sera’”. . . definite qualitative reading may be made 
in about 10 minutes... preliminary quantitative estimate obtained within 


2 hours 


based upon presence of specific C-reactive protein in serum of patients with 
certain inflammatory diseasest—characteristic precipitin reaction develops 
upon addition of C-R*P*A to serum of such patients . . . C-reactive 


protein is never found in normal serum*® 


Investigations are currently under way to increase the diagnostic value of 
the CRP test by determining the various inflammatory conditions in 
which CRP is present. Inquiries from investigators in this phase of 
work are welcome. 

. Editorial: The Lancet 266:350 ( Feb. 13) 1954 

. Seollerman, G. W. et al.: Am. J. Med. 15:645 ( Nov.) 1953 


. Wood, H. F., and McCarty, M: J. Clin. Investigation 30:616 
(June) 1951. 


Supplied: 1 cc. vials (30-40 determinations ) 


Literature available upon request. 


Schiffelin gz Ec., Pharmaceutical and Research Laboratories since 1794 


28 Cooper Square, New York 3, N.Y. 


* trademark 











JOSIAH MACY, JR. FOUNDATION 


Announces three new books 


METABOLIC INTERRELATIONS, Transactions of 


the Fifth Conference. Edited by Edward C. Reifenstein, Director 
of Biological and Therapeutic Research, The Schering Corporation. $5.00 

NERVE IMPULSE, Transactions of the Fourth Con- 

ference. Edited by David Nachmanson, Associate Professor of Neu- 

rology, Columbia University College of Physicians and Surgeons. $4.00 
PROBLEMS OF CONSCIOUSNESS, Transactions 
of the Fourth Conference. Edited by Harold A. Abramson, As- 
sistant Professor of Physiology, Columbia University College of Physicians 
$3.25 


and Surgeons. 
These verbatim transactions of multidiscipline conferences concerning research progress, 
new methods, and theories enable the reader to share the give and take of authoritative 

Much of the material is 


investigations and make stimulating and exciting reading. 


unobtainable elsewhere. 


JOSIAH MACY, JR. FOUNDATION PUBLICATIONS 
SALES OFFICE: P. O. BOX 575, PACKANACK LAKE, NEW JERSEY 


Please make checks payable to Josiah Macy, Jr. Foundation 











5. 2). Sees 





JOURNAL OF CLINICAL INVESTIGATION 
622 West 168th Street, New York 32, N. Y. 


Please enter the following name for a one year’s subscription, January through 


December, 1954, Volume 33: 


Please Print: 


Enclosed is $12.00— 3111 me for $12.00 - 
Special rate of $6.00 a year (pre-paid) for medical students. .., interns. .., resi- 
One of the above must be checked if $6.00 is enclosed. 


dents..., and fellows.... 











Patented 





téchnicon 


“LAB-AID” EXPEDITERS 


— they speed-up laboratory chores 


 kechnicon paraffin knife 


110 Volts AC - BC 
25 Watts 


makes work with paraffin-embedded tissues quick 
and easy. Great for cutting large blocks into small 
ones; for mounting blocks on a microtome object 
disc; for squaring up blocks; for separating ribbons 
in a water bath . . . Hollow stainless steel handle 
doesn't heat up — easy to keep knife at the right 
temperature. When not in use !ay knife in saddle 
rest—Blade UP indicates knife hot; Blade DOWN, 
knife cold. 


__ léchnicon microslide dryer 


delivers slides ready for staining in 7 minutes! Just 
drop slides, in an Autotechnicon Slide Carrier, into the 
hatch, flip the switch and close the cover. A steady 
current of warm, filtered air blowing over the slides 
carries away all moisture, leaving them bone-dry and 
dust-free. The filter is replaceable. There's no distor- 
tion, either — the warm clean air is well below the 
melting point of paraffin. 


—téchnicon Pr oer water bath 


Size: 10%” Diam; 3%” High 
Sturdy; durable; water and 
xylolproof finish. 

110 Volts AC - DC 


LAB -AID 
REQUISITES 


insures smooth, even spreading of your tissue ribbons. 
The water temperature is just right — never too hot or 
too cold, thermostatically held at any set temperature 
from 20° to 60°C. There's no melting paraffin to dis- 
tort tissues — no folds or wrinkles, no bubbles due to 
frequent water change. Temperature stays constant, 
day-in, day-out. And it's easy to see your sections 
against the dull finished black interior of the bath. 





THE TECHNICON COMPANY 
215 East 149th Sireet, New York 51, N. Y. 


_ Send me literature and prices on 


| 
_ | CO Technicon Paraffin Knife 
| [] Technicon Microslide Dryer 
(0 Technicon Constant Temperature Water Bath 


Name 





Address 











INSULIN-COMA THERAPY IN SCHIZOPHRENIA IMPROVED 


BY WYDASE® 


(HYALURONIDASE) 


Clinical Investigation 


It is a common observation that schizophrenic 
patients vary greatly in their response to the ad- 
ministration of insulin. In many, the induction of 
coma is hampered by refractoriness: Large doses 
of insulin are required; the induction period is 
long and often variable ; the depth of coma is un- 
predictable. As a consequence, the therapeutic 
program may be both costly and difficult, and 
attended by adverse effects. 

Retarded absorption of the injected insulin has 
heen postulated as the source of the problem. 


Gysin and Wilson,’ among others,?* 


appear to 
have demonstrated such a mechanism by their 
success with hyaluronidase as an adjunct to in- 
sulin, Hyaluronidase hydrolyzes hyaluronic acid, 
the intercellular material that normally resists the 
diffusion of intrusive substances. This specific 
property of hyaluronidase increases tissue perme- 
ability, and is used clinically to accelerate the 


transit of injected drugs to the capillaries. 


SCOPE OF INVESTIGATION 


Gysin and Wilson's studies were undertaken 
to determine whether hyaluronidase would pro- 
vide three important advantages to the induction 
of insulin coma: 

1, Earlier and more complete absorption of insulin, with 
production of therapeutically adequate coma 
Reduction in the dose of insulin, with a corresponding 
increase in the margin of safety 

. Reduction in delayed effects due to continued absorp- 


tion of insulin after termination of coma 
METIIOD 


Each of the 53 patients in the series served as 
his own control. The administration of insulin 
alone was alternated throughout the course 
with the combined administration of hyaluroni- 
dase and insulin, each phase lasting for from 10 
to 15 comas. Wydase (lyophilized hyaluronidase, 
Wyeth) was preferred to other brands because 


of its stability and because the 10-cc. vials (1500 


turbidity-reducing units) permit the preparation 
of a large stock of solution at one time. Experi- 
ence showed that a dose of 0.5 cc. (75 TRU) of 
Wydase solution with each injection of insulin 
Was as satisfactory as larger amounts. It was also 
discovered that the size of the insulin dose made 
little difference in the amount of Wydase re- 


quired for effective absorption. 
RESULTS 


1, Wydase with insulin improved the quality 
of the coma, and promoted smoother induction, 
with less agitation, and more rapid progression 
through the precoma to the coma phase. 

2. With Wydase, less insulin was required for 
satisfactory coma. The reduction in dose averaged 
from 35 to 40 per cent throughout the series. In 
9 patients, the amount of insulin was reduced by 
from 50 to 73 per cent. 

3. Late adverse reactions were reduced by 
about 73 per cent, since with Wydase the ac- 
celerated absorption of insulin tended to confine 
the effects to the morning hours. 

4. Of the 53 patients, 5 remained refractory 
even when the amount of Wydase was increased 
to 2 cc. (300 TRU) for each injection of insulin. 
A sixth apparently refractory patient responded 
satisfactorily when 1.5 ce. (225 TRU) of Wydase 
was used, 

5. There was no evidence of local or systemic 
toxicity or of hypersensitivity to Wydase. 


aan 
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